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THE ETIOLOGY OF PARALYTIC ILEUS AND ACUTE DILATATION 
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17-HYDROXYCORTICOID LEVELS 


Everett Caruson, M.D., AND CESAR OrtIz, M.D., SAN Francisco, CALIF. 
(From the Surgical Departments, Mary’s Help and St. Francis Hospitals) 


HE etiology of paralytic ileus and acute dilatation of the stomach has re- 

cently been more clearly defined and the mechanism of development ably 
described by Dragstedt? and LeQuesne.* That stress may also play an im- 
portant role or at least be an important subsidiary factor was suggested by 
Streeten and Ward-McQuaide™ in 1952. Results of experimental studies by 
Shirakawa and Matsukura’ have lent some support to this concept. Ceulemans’ 
observations also tended to confirm this thesis. 

For several years we have used ACTH empirically to treat ileus, suspecting 
that what might have occurred when this complication arose was an acute de- 
pression of function of the adrenal cortex, secondary to an exaggeration of the 
usual increase after surgery, which may have occurred in persons whose re- 
actions to stress were unduly severe. We have noted that postoperative ileus 
was much more apt to occur in the apprehensive, tense, sensitive individuals 
who may have been already in a state of adrenal depletion. Operations on the 
adrenals themselves are especially prone to be complicated by ileus. 

We have been impressed with the favorable response to ACTH. In an 
attempt to find some evidence to support the above hypothesis, studies of plasma 
17-hydroxyeorticoids were made in four eases of ileus and one of acute dilatation 
of the stomach. We wished to ascertain whether or not these have fallen below 
critical levels as the experimental work of Shirakawa and Matsukura™ would 
appear to indicate. 

Studies of the adrenocortical response to surgery and anesthesia were re- 
cently published by Helmreich, Jenkins, and Swan.® These showed a marked 
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rise in the circulating free 17-hydroxycorticoids after surgery in every patient 
which returned to normal in from 2 to 6 days. However, the inert or conjugated 
17-hydroxyeorticoids were found to be exceedingly variable. 

Hardy,‘ while studying the effect of changes in adrenocortical activity on 
the postoperative urinary excretion of water and electrolytes, noted that when 
the postoperative adrenocortical function was maximal, as determined by total 
esoinophil counts, a marked reduction of the volume of intestinal secretions was 
also present. ‘‘Conversely, as the overactivity of the adrenal cortex began to 
subside, as indicated by a rise in the total eosinophil count, the volume of urine 
and intestinal contents inereased.’’ This would lend support to our concept 
that ACTH may be capable of suppressing the exaggerated gastric hyper- 
secretion that occurs in acute dilatation of the stomach. 

Studies on gastric secretions, both in normal individuals and postoperative 
cases with uneventful and complicated courses, appear to establish the fact that 
paralytie ileus and acute dilatation of the stomach are essentially different 
pathologie processes, although they may have in common certain etiologic 
factors, and both may, at times, develop simultaneously. The changes that 
occur in acute dilatation of the stomach were analyzed by Rundle, Cass, and 
Robson.'! They examined the gastric secretions in persons convalescing after 
surgery, and fortunately encountered one who developed an acute dilatation of 
the stomach. Comparison of the normal with the latter, which they designated 
as acute hemorrhagic gastrorrhea, showed, in the latter, a tremendous increase 
in the volume of the gastric secretions, a change in the color to jet black due 
to altered blood, the presence of an increased acidity, and a high potassium and 
high chloride content. They also compared the differences in their findings in 
their case of the dilated stomach with those of paralytic ileus and believed that 
the former was a separate entity. 

Dragstedt’s? concept of paralytic ileus and acute dilatation of the stomach 
is as follows. As a result of trauma, a marked stimulation of the somatic and 
visceral nerves occurs, leading to a reflex inhibition of the parasympathetic 
system and consequent loss of muscle tone of the stomach, duodenum, and 
jejunum. Seecretions from these areas then fail to be transported to the more 
distal parts where normally they are absorbed, and their accumulation, aggra- 
vated by swallowed air, leads to distention. The distention of these upper 
parts pushes the small bowel downward, producing constriction of the duo- 
denum by the superior mesenteric vessels and thus the distention is further in- 
creased. Vomiting ensues, with loss of essential electrolytes, which may prove 
fatal if not corrected. 

While Dragstedt’s theory may contain much truth, it does not entirely 
explain the excessive and abnormal hypersecretion in the stomach in acute 
dilatation and the marked loss of bowel tone in ileus. Is there an additional 
vital endocrine factor? 

The studies of Maddox, Bell, and Tremaine® on gastrointestinal gas are 
a substantial contribution to an understanding of abdominal distention. They 
re-emphasized the importance of rapid ingestion of large amounts of air through 
the esophagus and its rapid transport, in the reeumbent patient, through the 
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entire gastrointestinal tract. They pointed to the work of Melver, Benedict, 
and Cline® as further proof that the source of the gas causing distention was 
not due to the fermentation of food or diffusion from the blood stream but due 
to swallowing of air. 

Eade, Metheny, and Lundmark*® measured the volumes of gastric secretions. 
and made total eosincphil counts and observations on the return of audible 
peristalsis in 50 patients with uncomplicated surgical convalescences They 
found that the volume of gastric secretion was substantially reduced after 
surgery, that the total eosinophil count correspondingly decreased, and that 
audible peristalsis was diminished or absent. After the first postoperative day, 
in uncomplicated cases, a gradual increase in gastric secretion occurred, and 
accompanying this, a return of audible peristalsis and a parallel increase in the 
total eosinophil count. Here we do have evidence of a suppression of the volume 
of gastric secretion during a phase in which a high level of serum corticosteroids 
exists. In cases of excessive gastric secretion then, as occurs in acute dilatation 
of the stomach, ACTH might be of value to produce a suppression of such. 

Potassium depletion has been repeatedly mentioned as the cause of adynamic 
ileus. It has been shown that intestinal distention and adynamic ileus result 
from hypokalemia, and that the administration of potassium aids in their 
correction.'” One question now confronting us is whether this potassium 
deficiency is not merely a secondary effect of an excessive loss of gastric and 
intestinal secretions, or whether it is the principal factor causing ileus. It is 
now well known that a very high serum level of corticosteroids occurs post- 
operatively as a result of surgical stress,’ and that potassium loss occurs when 
such stercids are administered. From this it would appear that giving ACTH 
would aggravate rather than relieve ileus, which has not been the case in our 
experience. 

A further suggestion of an adrenocortical factor in ileus is its frequent 
development in patients with gout. Gouty individuals are known to have a low 
adrenal reserve. 

The possibility of a derangement of an intrinsic mechanism in the bowel 
itself, which may control peristalsis, should not be disregarded. Functioning 
carcinoid tumors produce serotonin, a powerful stimulant to bowel tone. Sero- 
tonin is elaborated from tryptophan by argentaffin cells, which are normally 
present in the lower ileum and are of an endocrine character. These may be 
affected by ACTH and stress. 

The favorable effects of pantothenic acid and pantotheny] aleohol on ileus 
introduce a consideration of great interest.1* Coenzyme A, one of whose com- 
ponents is pantothenic acid, is necessary for acetylation of choline in the body. 
Acetyl choline is vital to intestinal motility. Pantothenic acid deficiency has 
also been shown to result in impaired function of the adrenal cortex. The im- 
provement of function of the adrenal cortex by administration of pantothenyl 
aleohol may be one mechanism by which ileus is favorably affected. 


We suspected that, if determinations of plasma 17-hydroxycorticosteroids 
were made in patients during the phase of intense ileus, lower than normal levels 
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would be found, supporting the suspicion that such ileus resulted from a re- 
duction of these steroids below critical levels. This, however, was not the case 
as indicated by the results in the 5 following eases. 


CASE REPORTS 


CAsE 1.—A cholecystectomy was performed on a 60-year-old white woman. The opera 
tion entailed no unusual difficulties. Twenty-four hours later, profuse vomiting of a jet 
black secretion occurred. A Levine tube was inserted and 600 ¢.c. more of a dark brown 
fluid was aspirated. Plasma 17-hydroxycorticosteroids taken at this time showed 28 meg. 
per 100 c.c. of free and 40 mcg. per 100 c.c. of conjugated steroids (normal values in this 
laboratory: free 20 to 22 meg. and conjugated 30 to 40 meg.). Analysis of the aspirated 
stomach contents showed a positive guaiac test for blood, a nitrogen content of 15.4 Gm. 
per 100 c.c., a sodium content of 47 mEq. per liter, and a potassium content of 12 mEq. 
per liter. 

The patient’s fluid and electrolytes were replaced. ACTH was given. The gastric 
secretions gradually diminished to normal within 2 days and uneventful further convales 
cence ensued. 

Comment: Contrary to expectations, an elevated, rather than a depressed, level of 
17-hydroxycorticosteroids was found in spite of the violent shift of fluids and electrolytes 
into the lumen of the so-called ‘‘third space,’’ that is, into the lumen of the stomach. This 
case resembles in many respects that reported by Rundle and associates,11 which they desig 
nated as acute hemorrhagic gastrorrhea. 


CasE 2*.—An exploratory thoracotomy was performed on a 62-year-old surgeon. An 
inoperable bronchogenic carcinoma was found and the chest was closed. Five days later, 
severe abdominal distention was present. Laparotomy revealed a volvulus of the cecum and 
a cecostomy was performed. Nine days after thoracotomy, while troublesome ileus and 
distention were still present, plasma 17-hydroxycorticosteroids were found to be 48.5 meg. 
per 100 c.c. Serum potassium was 4.4 mEq. per liter, the serum chlorides 85 mEq. per liter, 
and serum sodium 91 mEq. per liter. The patient’s ileus slowly abated thereafter. No 
ACTH was used. 

Comment: Here again, an elevated rather than a depressed level of 17-hydroxycortico 
steroids was present during the phase of severe ileus, even though the mechanical feature of 
the obstruction was relieved. The level of potassium, too, was within normal limits. 


CASE 3.—A 40-year-old executive entered the hospital with the complaint of vomiting 
and diarrhea of 4 days’ duration. His abdomen was severely distended but peristalsis was 
practically absent and abdominal pain was minimal. Although a flat plate of the abdomen 
was reported as a mechanical ileus, because of the absence of pain, quiet abdomen, and 
diarrhea, it was believed that the ileus was adynamic, secondary to an intense infectious 
enterocolitis, which subsequent events proved to be the case. Conservative treatment with 
ACTH, antibiotics, fluids, and electrolytes gradually brought about improvement. 

Plasma 17-hydroxycorticosteroids, on the day after entry, showed 120 meg. per 
c.c. free, and 160 meg. per 100 ¢.c. conjugated. 


100 


Comment: Again, a marked increase in this steroid rather than a reduced amount 


was found. 


CasE 4.—A. cesarean section was performed on this 22-year-old white housewife for a 
transverse position of the fetus complicated by a large ovarian tumor. Thirty-six hours 
later, marked distention and vomiting developed. A Levine tube was inserted and 1,500 c.c. 
of a greenisii-brown fluid was aspirated. Plasma 17-hydroxycorticosteroids were now found 
to be 88 meg. per 100 e.c. free and 45 meg. per 100 c.c. conjugated. Plasma and total blood 


volumes were normal. 


*Reported through the courtesy of Dr. John Cline. 
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Fluids, electrolytes, pantothenyl alcohol, and ACTH were given and improvement oc- 
curred rapidly. 

Comment: In this case again, an elevated level of 17-hydroxycorticosteroids was found. 
The conjugated steroids, however, were only slightly elevated (normal 30 to 40 meg.). 


CaSE 5.—A repeat cesarean section was performed on a 35-year-old white housewife. 
On the following day, she began to have vague generalized abdominal cramps, belching, and 
vomiting. A gradually increasing distention developed. No flatus was passed. Four years 
previously following her first cesarean section, she had had similar mild complications. She 
had had two prior normal pregnancies and otherwise had been in good health. 

On the third postoperative day, the patient presented a picture of severe ileus. Pulse 
rate was 140, and temperature, when first seen, was 100° F., but later rose to 103.6° F. 
The abdomen was markedly distended and there was tenderness throughout, most marked in 
the lower quadrants, but no rigidity. The incision was clean. Peristaltic sounds were 
markedly diminished. Until this time, the patient had been vigorously treated with gastric 
suction, fluids, electrolytes, and pantothenyl alcohol without relief. These measures were 
continued and ACTH in 25 unit doses every 6 hours was commenced intramuscularly. In 
addition, Solucortef, 100 mg. was given intravenously and cortisone acetate, 50 mg. every 
6 hours intramuscularly. Erythromycin and Chloromycetin were given intramuscularly. The 
pantothenyl alcohol, which had been used for 24 hours, was continued. A very marked im- 
provement in the patient’s condition occurred in 24 hours and this continued progressively. 
The returns from the gastric suction decreased and became clearer. Bowel sounds appeared, 
and 2 days later frequent soft stools and even a diarrhea appeared, with the patient passing 
gas in large amounts. Her fever subsided and pulse improved, and the patient was able to 
leave the hospital on the twelfth day. 

The patient’s plasma 17-hydroxycorticosteroids on the third postoperative day, at the 
height of the ileus, was 61.5 meg. per 100 ¢.c. Her white blood count on that day was only 
3,400, with 55 per cent neutrophils, 53 per cent of which were banded. The absolute eosino- 
phile count was 11.1 per c.mm. Her blood chemistry was essentially normal. 

A total of 7 doses of ACTH, 25 units every 6 hours, was given. Ten doses of cortisone 
acetate, 50 mg. every 6 hours intramuscularly, and 2 doses of Corton, 50 mg. every 12 hours, 
were used. Solucortef, 100 mg. intravenously, was given once only on the third postopera- 
tive day. 

DISCUSSION 


The results of the determinations of serum 17-hydroxycorticosteroid levels 
in ileus in this small series did not support our suspicion that a deficiency of 
this factor was a primary cause of ileus. Above normal levels were present in 
all. Streeten and Ward-MecQuaide found that in 9 of 11 cases of ileus, in which 
eosinophil counts were made, the count remained low as long as the ileus per- 
sisted and rose abruptly as it terminated. The few observations of eosinophil 
counts in our cases were also low during ileus. These investigators also noted 
a leukopenia at some stage of the ileus in 6 of 13 ecases.** Such also occurred 
in our Case 5. 

Nevertheless, our clinical impression as to the favorable effect of ACTH on 
ileus remains unchanged. In Cases 4 and 5, pantothenyl aleohol and other 
measures except ACTH were vigorously employed. The patients’ condition 
continued to deteriorate until ACTH was given. Within 24 hours, a striking 
improvement occurred and this continued to complete recovery. 

Henegar, Hunnicutt, and Kinsell reported their experiences with corti- 
cotropin and corticosteroids in severe peritonitis. Contrary to some assertions 
as to the hazard of aggravating infections, they presented convincing evidence 
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of a very favorable effect of these as adjuncts to antibiotics. It may be that in 
some eases, particularly such as the two cesarean section cases in our series, 
that a similar mode of action of the ACTH in controlling infection was respon- 
sible for their improvement. 

In some of our earlier cases, we tried cortisone instead of ACTH. It was 
our impression that cortisone appeared to be ineffective while ACTH did re- 
sult in improvement. In eases prior to those reported above, we used ACTH in 
considerable amounts, as much as 25 units every 4 hours. Marked mental 
confusion developed in one, and a severely reduced urinary output in a second. 
In recent cases, the dosage has been reduced. 

Much further investigation obviously is necessary, and it is hoped that 
the above brief observations may interest others in this phase of the problem of 














ileus. 
TABLE I. FINDINGS OF SERUM 17-HYDROXYCORTICOIDS 
a FREE CONJUGATED 
(mca./100 c.c. ) (mMca./100 c.c. 
Normal in this laboratory 20 to 35 30 to 40, 
Case 1 
Acute dilatation of stomach 28 40 
Case 2 
Ileus after thoracotomy 48.5 Not determined 
Case 3 
Ileus in severe acute enterocolitis 120 160 
Case 4 
Ileus after cesarean section 88 45 
Case 5 
Ileus after cesarean section 61.5 Not determined 





CONCLUSIONS 

The etiology of paralytic ileus is discussed. 

Observations on plasma serum 17-hydroxyeorticoids were made in 4 eases 
of ileus and one ease of acute dilatation of the stomach. 

It was thought that ileus might primarily be due to a secondary reduction 
to below eritical levels of this steroid. Instead of a reduction, in all cases, an 
elevated level was found. 

The beneficial effect of ACTH in the treatment of ileus is noted. These 
studies fail to support the hypothesis that ileus is the result of hypofunction of 
the adrenal, at least as measured by the secretion of 17-hydroxycorticoids. Some 
other steroid possibly may be the responsible factor in ileus. Much further in- 
vestigation is needed. 

We wish to express our gratitude to Dr. Harold Harper, University of California Medical 
School, Biochemical Department, for his advice and assistance, and for the laboratory deter- 
minations made in his department. 
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A TECHNIQUE FOR THE PREVENTION OF 
POSTOPERATIVE ATELECTASIS 


Leo R. Rapigan, M.D., anp Ropert D. Kino, M.D., INDIANAPOLIS, IND. 


(From the Surgery Service, Veterans Administration Hospital, and the Department of 
Surgery, Indiana University School of Medicine) 


OSTOPERATIVE pulmonary atelectasis has continued to be a problem in 

thoracic and abdominal surgery. Some years ago in personally followed 
eases, Lindskog* and King? found an incidence of 14.3 per cent and 10.9 per 
cent, respectively, of atelectasis following upper abdominal operations. Mor 
recently Modersch® has reported a 10 per cent incidence of significant atelee 
tasis in patients following thoracotomy. Another report’ deseribed the oecur- 
rence of atelectasis in 26 per cent of 55 patients in whom subtotal gastrectomy 
had been performed. 

Recognizing this problem, most surgeons include measures in their post- 
operative care designed to prevent this complication. These inelude breathing 
exercises taught prior to operation, early ambulation, frequent coughing and 
the judicious use of narcotics. Recently, intermittent positive pressure breath- 
ing has been advoeated.® In general, these measures aim at clearing the tracheal 
bronchial tree of the secretions of increased volume and tenaciousness usuall) 
present. They have not been completely effective. 

Many etiologic factors have been implicated in the development of post- 
operative atelectasist but most frequently it is felt to result from the patient’s 
inability to expel bronehial secretions. To state it simply, the postoperative 
patient is prone to develop atelectasis because he is reluctant to cough. The 
following technique is offered as an effective method for promoting adequate 
coughing. It is simple and safe. In our experience it has practically elim- 
inated the occurrence of postoperative atelectasis. 


METHOD 


The procedure consists of placing a short segment of small caliber plastic 
tubing within the trachea through which small quantities of a respiratory tract 
detergent are instilled periodically. The presence of the detergent in the 
trachea stimulates an involuntary and forceful coughing episode. The tech- 
nique of inserting the tube is quite simple and requires a minimum of time. 
Two methods can be used. The simplest is to introduce a No. 18-gauge thin-wall 
needle through the skin and into the trachea, pereutaneously, through which 
a 4 inch segment of polyvinyl tubing is passed. The position of the needle 
within the trachea is verified by connecting an empty syringe to the needle 
and freely withdrawing air. The needle is then angled caudally as the tubing 
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is inserted. The needle is withdrawn leaving approximately 2 inches of the 
tubing outside the skin. This can be easily accomplished after the operative 
procedure has been finished or with the patient under local anesthesia on the 
ward in the postoperative period. The needle should be introduced at a rela- 
tively high level so as to avoid the thyroid isthmus. <A good level is just below 
the ericoid. 

The second method is the same except that a 0.5 em. transverse incision 
is made over the second or third tracheal ring, the subeutaneous tissues are 
spread with a hemostat, and gentle pressure is applied for several seconds to 
control the slight amount of bleeding. A plastic tube is then introduced into 
the trachea through a thin-wall No. 18-gauge needle as previously described. 
The tube is anchored in place by tying a skin suture about it (Fig. 1). If 
‘arried out at the completion of the operation, the tube is inserted immediately 
after removing the endotracheal tube. 





Fig. 1.—Photograph showing the placement of the plastic tube in a postoperative patient. 


When the patient has completely awakened from anesthesia, instillations 
of a respiratory tract detergent are begun and are repeated approximately 
every 4 hours. Just enough detergent to initiate an effective cough should be 
instilled. Sometimes only 2 or 3 drops are required, although 0.5 ¢.¢. is usually 
neeessary. Any larger amount will result in an unnecessarily violent paroxysm 
of coughing. 

Between the instillations the patient is completely unaware of the tube. 
[t is nonirritating and does not interfere with talking or eating. The instilla- 
‘ions are continued for 2 or 3 days or until the patient is sufficiently comfortable 
to eough effectively on his own. The tube is then withdrawn. If an incision 
has been made, the tiny resultant sear is practically invisible. 
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DISCUSSION 

This technique has been applied to more than 200 patients of whom 
approximately one-fourth have undergone thoracotomy. To date only one 
patient has developed any evidence of atelectasis. This was a 56-year-old man 
who had a mitral commissurotomy. At the time of operation the patient was 
hemiplegic from a previous cerebral embolism. It was noted immediately 
after surgery that the intratracheal instillations failed to elicit a cough. Con- 
sequently the patient was placed on repeated intermittent positive pressure, 
deep breathing exercises, and inhalations of CO.. In spite of these measures, 
on the second postoperative day the patient developed a left lower lobe atelee- 
tasis that was successfully treated by endobronchial aspiration. We have 
noticed a diminution in the cough reflex in one other hemiplegic patient. 





A. B. 


Fig. 2.—Photograph of x-ray (A) at time of admission and (B) after pulmonary atelectasis 
is treated by instillation of detergent through tube tracheostomy. 


Seeretions present in the trachea, or near the carina, normally produce 
eoughing. This is involuntary unless the patient is heavily sedated or extremely 
ill. Seeretions in the smaller bronchi, however, must be moved to the region 
of the carina before the cough reflex is initiated. It is believed that this is 
best aecomplished by repeated forceful coughing. Certainly no method of 
inducing a cough is more effective than direct stimulation of the earina. Prob- 
ably the major benefit of intratracheal aspiration is the violent coughing 
produced by the presence of the catheter or bronchoscope rather than the 
aspiration itself. 
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Originally we inserted the needle into the trachea percutaneously. One 
patient developed cervical subcutaneous emphysema due to air leakage about 
the tracheal puncture site. Since we have been introducing the needle through 
a tiny skin incision which is left open, there has been no instance of sub- 
cutaneous air accumulation. Dissecting the subcutaneous tissues with a hemo- 
stat prior to introducing the tracheal needle is a second precaution added 
beeause in one patient bleeding occurred from a punctured vein that crossed 
the thyroid isthmus. No other complications have been noted. It is felt that 
neither method will produce significant complications, provided the needle is 
inserted above the thyroid isthmus. 

In general, it is safe to say that the patients do not eagerly await their 
next instillation. On the other hand, when the purpose is explained to them 
and the dosage kept to a minimum, they cooperate and accept it as they do other 
parts of their treatment. It is quite remarkable to see the quantity of sputum 
which ean be coughed up by a patient whose lungs may have sounded perfectly 
clear to auscultation. This evidence makes it clear, even to the patient, that 
the treatment is desirable. As the operative wound becomes less painful, the 
eoughing also becomes less uneomfortable. 

In addition to its prophylactic use in the postoperative patient, we have 
used the tube tracheostomy in the treatment of pulmonary complications. In 
Fig. 2 is shown the chest x-ray of a 60-year-old man who was admitted 3 days 
after a fall which resulted in two fractured ribs. He complained of persistent 
cough and deep chest pain. Using loeal anesthesia a tube tracheostomy was 
performed. After 14 hours of treatment his symptoms were completely re- 
lieved and his roentgenogram was normal. 


SUMMARY 


A plastie tube tracheostomy is now performed on practically every patient 
undergoing thoracotomy or major abdominal surgery at this hospital. The pro- 
cedure is simple, safe, and requires a minimum of equipment. It is performed 
immediately after completion of the scheduled operation and requires approx- 
imately 2 minutes. In our experience it has practically eliminated the occur- 


_— 


rence of postoperative atelectasis. 
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AN EVALUATION OF PANCREATIC CYSTS TREATED AT THE 
JOHNS HOPKINS HOSPITAL 


WiuuiAmM F. Rienuorr, III, M.D., Bautrimmore, Mp. 
(From the Department of Surgery, The Johns Hopkins University, Baltimore, Md.) 


THE past several years at The Johns Hopkins Hospital, an increase in th: 
number of pancreatic cysts has been noted. As a result of this, a review 
of eysts of the panereas surgically treated over the past 20 years was under 
taken. An attempt has been made to classify these cysts according to etiology, 
pathology, clinical features, laboratory data, radiologic characteristics, differen- 
tial diagnosis, and treatment. Neoplastic cystic lesions and congenital fibro- 
cystic disease have not been included in the series. A total of 24 cases has been 
found in the records at The Johns Hopkins Hospital during this period. It is 
of interest that 7 of these cases occurred in the last 18 months of the study 
period. 
ETIOLOGY AND PATHOLOGY 


The classification of cysts that has proved useful is the Cattell’ modification 
of the one by Mahorner and Matson.° The complete classification is as follows: 


I. Developmental 

a. Fibrocystie disease 

b. Simple eysts 

e. Dermoid eysts 

d. Cysts associated with polyeystie disease of other viscera. 
II. Inflammatory 


a. Pseudoeysts 
b. Retention eysts 
III. Traumatic 


a. indirect trauma 
b. direct trauma (operative and penetrating wounds) 
IV. Neoplastic 
a. eystadenoma 
b. eystadenocareinoma 
e. teratoma 
d. unusual tumors 
V. Parasitic 
Not all of these types of cysts have been encountered in the series, and, as 
mentioned above, fibrocystic disease and neoplasms have been specifically ex- 
eluded. It is further realized that an arrangement such as the afore-mentioned 
has definite limitations in view of the fact that a eyst may lose its epithelial 
lining and, therefore, be indistinguishable from a pseudocyst. The cases in this 
series were of the following types: pseudocysts, 19; simple cysts, 3; traumatie, 
1; and unknown, 1. 
Received for publication July 27, 1959. 
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A prepouderance of pseudocysts is similar to that of other reports of series 
of eases. These are characterized by an absence of epithelial lining and a wall 
composed of varying combinations of fibrous connective tissue, granulation tis- 
sue, and inflammatory cell response. Pancreatitis is generally regarded as the 
cause of such lesions. Rarely, similar cysts will occur after trauma of various 
sorts. Finally, a few presumed simple cysts were seen in the group. These show 
a lining epithelium and, on occasion, may contain a fragment of pancreatic 
acinar tissue within the wall. The epithelium is usually a columnar or cuboidal 
type. Pathologic data were insufficient in one case to allow classification. 

The gross pathologic features of the cysts were varied. In 3 of the cases 
there were multiple cysts. Any portion of the pancreas was involved, but more 
commonly was described as involving a portion or all of the area of the 
lesser peritoneal sac. The locations were: lesser sac, 13; tail, 5; body, 4; head, 
3; and unknown, 1. 

As pancreatitis develops, there is a liberation of pancreatic enzymes with 
subsequent necrosis of surrounding tissues, a marked inflammatory reponse, and 
often a degree of hemorrhage. Due to the proximity of the lesser peritoneal sac, 
it seems quite logical to assume that this space might confine the process. In a 
few cases the cyst wall was a simple, thin, nonadherent membrane; while in the 
majority it was considerably inflamed, up to 1 em. in thickness, and adherent to 
surrounding structures. The largest evyst in this series was 25 em. in diameter 
and eontained 4.5 L. of fluid. The character of the fluid was notcd as follows: 
reddish-brown, 10; turbid yellow, 3; clear, 3; gray, 1; and unknown, 7. 

In 7 of the more recent cases, analyses of the fluid for amylase activity were 
performed. The lowest figure was 2,430 mg. per cent reducing substance and 
the highest was 7,234 mg. per cent reducing substance. (Normal amylase 250 
mg. per cent reducing substance.) There were no fluid studies in the other 


17 eases. 
CLINICAL FEATURES 


The symptoms and signs of pancreatic cysts vary as do all other aspects of 
the problem. The age range was as follows: 0-20 years, 1; 20-40 years, 10; 40-60 
years, 9; and 60-80 years, 4. An equal number of cases were male and female. 

The symptomatology of pancreatic eysts may be severe and prominent 
or, on oceasion, relatively insidious. This may be determined by the pres- 
ence and degree of associated pancreatitis. Likewise, another important factor 
in the clinical picture is the location of the cyst in the pancreas and the adja- 
cent structures that are involved. The duration of symptoms was known in the 
majority of cases and ranged from one month to 6 years. <A history of a degree 
of aleoholism was obtained in 10 out of 24 cases. The symptoms follow: pain, 
17; weight loss, 17; Nausea and/or vomiting, 15; gastrointestinal hemorrhage, 
2; jaundice, 2; and asymptomatic abdominal mass, 2. 

Pain and weight loss occurred in 78 per cent of the eases in this series. In 
most reports, pain was the most common and persistent symptom. The pain 
was usually located in the upper abdomen, and sometimes radiation to the back 
was described. The pain corresponded well to the cases of pancreatitis with 
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secondary pseudocyst formation. Only one of the simple cysts caused any de- 
gree of pain. The weight loss was a prominent feature in these cases and the 
amount varied over a wide range to a maximum of 50 pounds in 6 years. Nausea 
and vomiting were noted in 62 per cent of the cases and tended to be of more 
recent onset than the pain. Gastrointestinal hemorrhage was so severe in one 
case as to cause peripheral vascular collapse. In the other case only a history 
of hematemesis prior to admission was noted. At operation in neither case was 
an explanation for the hemorrhage found. Following a procedure on the cyst, 
no further recurrence of the bleeding has been noted over a reasonable follow- 
up period. Jaundice was regurgitation in type in both eases. In one, a eyst 
was located in the head of the pancreas and, in the other, the body with exten- 
Sive surrounding pancreatitis. 

The physical findings in these patients consisted of a palpable mass in thi 
upper abdomen in 22 of 24 eases. The description of the mass varied from 
smooth, round, and discrete, to ill-defined and irregular. Tenderness was pres- 
ent in 7 of 24 cases. The location was noted most often to be in the epigastrium 
or left upper quadrant. In one case the presence of a marked pulsation raised 
the possibility of an aneurysm and in another there was evidence of fluid in the 
left chest. 

LABORATORY DATA 


The preoperative laboratory data did not inelude a fasting blood sugar or 
a serum amylase in all cases. However, 2 patients were found to have mild- 
to-moderate diabetes mellitus. Serum amylase determinations were done in 11 
of the eases and were found to be significantly elevated in 5. In one ease, 
pleural fluid had an amylase of 2,988 mg. per cent reducing substance. 


RADIOLOGIC DATA 


Radiologie studies were undertaken in 21 of the cases. In 7 of these, the 
studies performed were not helpful or were negative. In the remaining 14, sig- 
nificant abnormalities were recorded. The features may be categorized as 
Poppel® has deseribed. The shape was generally round or spherical and the out- 
line was smooth where noted. The displacement of surrounding structures was 


noted as follows: stomach, 11; elevation of diaphragm, 3; and duodenal loop 
widening, 2. 

The displacement of the stomach was variable but more commonly was an- 
teriorly and to the left side. Obviously, other changes not mentioned in this 
listing can oceur. If the cyst is large, many abdominal viscera are displaced. 
In + eases, calcification of the area of the eyst was described. In one ease a left 


pleural effusion was noted. 
DIFFERENTIAL DIAGNOSIS 
In this group of eases, the preoperative diagnoses were recorded in 21 of 
24 instanees. These are listed as follows: Pancreatic cyst, 14; carcinoma of 
stomach, 1; carcinoma of ovary, 1; renal cyst, 1; chronic pancreatitis, 1; retro 
peritoneal lymphoma, 1; and inearcerated epigastric hernia, 1. 
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Other lesions that should be considered in evaluation of these patients are 
mesenteric cysts, aneurysms, and cystic lesions of the liver. The diagnosis gen- 
erally is that of exclusion of the more frequent causes of upper abdominal dis- 
orders. The evaluation should include routine study with appropriate x-rays, 
ineluding a flat x-ray of the abdomen, and various contrast studies. It is rare 
to be able to make a definite diagnosis preoperatively. 


TREATMENT 


Four basic methods are available in the operative management of these 
conditions. These include (1) simple drainage, (2) marsupialization, (3) in- 
ternal drainage, and (4) excision. Simple drainage apparently had been at- 
tempted in the late nineteenth century but was unsuccessful, perhaps because 
of closure of the drainage tracts. Marsupialization with suture of the cyst wall 
to the parietal peritoneum was first described by Gussenbauer,’ a pupil of Bill- 
roth, in 1882. This method achieved popularity because of its ease and low mor- 
tality. Its use was somewhat limited, however, because it may not result in a 
disappearance of the cyst or may leave an annoying and persistent pancreatic 
fistula. In spite of these defects, the procedure may be useful either as an initial 
procedure or a definitive one. Internal drainage was performed by Jedlicka‘ 
in 1915, using a eystogastrostomy in one ease. Since that time many procedures 
anastomosing the cyst to other organs have been performed; these include stom- 
ach, duodenum, jejunum, and gall bladder. Finally, excisional therapy has been 
realized to be the ideal of all the modes of treatment. In general, it is the un- 
usual pseudoeyst that ean be excised without serious technical problems and, 


more particularly, without injury to adjacent important blood vessels. Recently, 
the use of sphineterotomy alone or in combination with a drainage procedure 
has been advoeated by Doubilet and Mulholland.’ 

The procedures used in this series are tabulated below. It is important to 
note that 4 patients had multiple procedures and 2 had three operations. 


Simple drainage 10 
Cystojejunostomy (Roux-en-Y) 

Excision of cyst 

Marsupialization 

Cystojejunostomy (side-to-side) 

Aspiration 

Cholecystojejunostomy 


No operative mortality occurred in this group of cases. 

Simple drainage and marsupialization were performed on 13 occasions. 
These procedures were used more frequently in the earlier years. They were 
employed when the diagnosis at operation was obscure, when the process 
seemed relatively acute, when the condition of the patient was precarious, and 
when it was believed that an operation of greater magnitude would not be 
tolerated. The results of those operations are that 9 patients required no 
further operative procedures and were well, 3 required secondary procedures, 
one patient was drained simply at first, was then marsupialized, and finally 
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the pancreatic fistula was implanted into a Roux-en-Y loop of jejunum, 2 oi 
the patients required an internal drainage procedure for persistent fistula in 
the form of a Roux loop of jejunum in one ease and a side-to-side cysto. 
jejunostomy in the other. 

With regard to the Roux-en-Y cystojejunostomy, there were 8 cases in 
which this procedure was used. The type of case varied but was generall) 
considered to be the large cyst which could not be excised in a reasonably 
good risk patient. In 5 cases the procedure was the primary one. In 2 cases 
it was performed after preliminary external drainage procedure. One patient, 
who had undergone the Roux-en-Y loop procedure elsewhere, entered this 
institution with a recurrence of the cyst. At the second operation, the jejunal! 
loop, which had become separated from the cyst, was found lying free in the 
peritoneal cavity. The loop was reanastomosed to cyst; the patient has been 
well since. In the Roux-en-Y procedures performed at this hospital, there 
have been no instances of reoperation for cyst recurrence. One patient was 
explored because of pain and the cyst was not apparent at this time. The 
jejunal loop was attached to the area of the gastrocolic omentum. 

The other procedures mentioned require little clarification. Excision 
therapy is ideal, of course, but can rarely be used with a pseudocyst. In 
these 4 cases the cysts were located in or near the tail of the pancreas. At 
least two and possibly three were of the simple cyst variety. These are much 
more amenable to excision because of a lack of inflammatory response about 
them. There were no reoperations in this group. 

Side-to-side cystojejunostomy was performed in 2 eases. The exact rea- 
sons for the use of this particular procedure are not clear. Both patients did 
well and no further procedures were necessary. 

Cystoduodenostomy was performed in one ease of a large pseudocyst of 
the head of the panereas. This procedure is probably the one of choice in 
lesions located near the duodenal loop which cannot be excised. No further 
operations were necessary. Simple aspiration of multiple cysts was performed 
in one patient with a small, hard pancreas. 

Choleeystojejunostomy was performed in a patient with a large posteriorly 
located eyst of the head of the pancreas because of the possibility of obstruec- 
tion to the common duct. The cyst itself was treated by external drainage. 

Consequently, the only patients in the series that required reoperation 
were some of those who were treated by simple drainage or marsupialization. 
The reoperation rate for the entire series was 3 out of 24 (12.5 per cent). It 
should be mentioned that the follow-up was variable and, of course, some of 
the cases are quite recent. The range of the follow-up is 6 months to 14 years. 
Finally, the incidence of postoperative diabetes mellitus is significant. As 
noted previously, diabetes mellitus was present in 2 patients before operation. 
In one of these patients, the diabetes was noted to be more severe, and 3 addi- 
tional patients developed varying degrees of diabetes mellitus after operation. 
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DISCUSSION 


The series included 24 cases treated over the past 20 years at The Johns 
Hopkins Hospital. These procedures have been performed by a number of 
members of the surgical staff. All of the varieties of cysts of the pancreas 
were not found. The usual types are included with the preponderance being 
the pseudocyst. It is realized that such classifications are difficult to adhere 
to because the characicristic lining epithelium may be destroyed. Variation 
in the pathologie features is noted; however, frequent involvement of all or 
part of the lesser peritoneal sac is seen with pseudocysts. The character of 
the fluid is not constant. The most constant clinical features were those of 
pain, weight loss, and the presence of an abdominal mass. 

The treatment of these lesions is, at best, controversial. It is realized that 
excision is the most logical procedure if feasible. Unfortunately, in this series 
as well as in others (Warren’) because of the high proportion of pseudocysts, 
excision has not been possible. For these reasons, other procedures were used. 
The results obtained from the use of the Roux-en-Y eystojejunostomy indicate 
that it may be the most ideal of the drainage procedures. It is realized that 
this involves several anastomoses and, therefore, a period of operating time. 
In the good-risk patient, in whom the cyst cannot be excised, this is advised. 
This procedure has the advantage of being a definitive one-stage type. In 
cysts of the head of the pancreas, because of the proximity of the duodenum, 
an anastomosis between the cyst and the duodenum ean be done. It is sur- 
prising that cystogastrostomy was not used in this series. 

Finally, of the simpler external drainage procedures, it should be stated 
that there seems to be a definite place for these under certain circumstances. 
The poor-risk patients, those with an acute, relatively thin-walled cyst, and 
those with a eystie lesion of questionable origin are among those who should 
be considered. The procedures may be considered as preliminary ones in some 
of the acutely ill patients. The disadvantage of these procedures is the later 
need, as was the ease in this series, for another secondary and definitive pro- 
cedure. The usual reason for another operation is persistent fistula or a re- 
currence of the cyst. The former was the indication in these cases. This 
second operation in our experience took the form of one of the varieties of 
internal drainage. Regarding the choice of marsupialization or simple drain- 
age, no information can be obtained because of the small numbers involved. 
However, if technically feasible, it would appear more logical to perform a 
marsupialization. This should decrease the chance of cyst fluid causing gen- 
eralized intraperitoneal damage. 

It is realized that there are not sufficient cases in any of the treatment 
categories to be statistically significant. However, impressions and rationale 
of treatment can be suggested by such numbers. There was no operative 
mortality and, in the Roux-en-Y cystojejunostomy cases, no instances of re- 
operation in those performed at this hospital. 
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SUMMARY 


Twenty-four cases of pancreatic cysts have been reviewed. ‘These hav 
accumulated over the past 20 years and have been treated by a number o! 
different members of the Surgical Staff of The Johns Hopkins Hospital. 

Roux-en-Y cystojejunostomy has been used in 8 eases and has proved to b 
very successful. It is realized that there is a definite place for the simple 
drainage procedures. No operative mortality occurred in this series. Th 
follow-up period in the eases has varied from less than a year to many years. 
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THE LOCALIZATION OF RADIOACTIVE IRON IN MALIGNANT 
NEOPLASTIC TUMOR 


A PRELIMINARY CLINICAL STUDY 
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JAMES F.. Marvin, Pu.D., AND OWEN H. WANGENSTEEN, M.D., 
MINNEAPOLIS, MINN. 


(From the Departments of Surgery and Radiology, University of Minnesota Medical Center ) 


[‘ A previous study, the use of radioactive ferrous citrate (Fe°®) to 
label red blood cells for the detection of minute amounts of gastrointestinal 
bleeding was reported. Experimentally, this method was shown to be approxi- 
mately ten times as sensitive as the conventional guaiae test.17 The purpose 
of the present study is to explore the extent to which malignant human neo- 
plasms absorb radioactive iron Fe°*®. 

In this elinie in 1947, Moore® demonstrated that malignant intracranial neo- 
plasms showed a special affinity for diiodofluorescein. A number of other investi- 
gations have indicated selective uptake of various isotopes by tumors.’ * ® 1 
'2,14,16 Tn addition, there are demonstrable differences in the handling of 
‘adioiron by normal patients and patients with malignant tumors.° 

Previous studies* *° have shown differences in the pattern of incorporation 
of radioiron in the red cells of tumor-bearing and normal animals, and that 
the tumors contain greater amounts of iron than the iron stores of the liver. 
Finch and his associates? demonstrated decreased rates of incorporation of 
radioactive iron in the red cells of 2 patients with malignant lesions in whom 
no blood loss was demonstrated, suggesting that the pattern of iron utilization 
may have been different from normal. 

The present study was undertaken to determine if selective incorporation 
of radioiron oceurs in malignant human tumors, a cireumstanee which could 
explain the afore-mentioned observation. The differential uptake of radioactive 
ferrous citrate (I*e°®) in patients with malignant tumors and benign lesions was 
investigated. Experience with a variety of tumors in human beings demon- 
strates that radioactive iron (Fe*®) given intravenously results in a significantly 
ereater uptake of the isotope by malignant tumors as compared to normal tissue. 


METHOD 


Patients with both benign and malignant lesions were administered 25 pe 
of radioactive ferrous citrate (Fe) intravenously 2 to 30 days prior to opera- 
tion. Following removal of the reseeted specimen, 1 Gm. wet weight* each, 
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of the lesion and normal adjacent tissue was excised and counted immediately 
in a scintillation well counter for 10 minutes. Multiple samples were obtained 
from a number of specimens and mean values recorded. In most instances, full 
thickness of uninvolved viscera was used as control specimen. In patients with 
lymph node dissections, the most vascular tissue available such as muscle, was 
used as a control to minimize the factor of vascularity. Peripheral blood 
samples were drawn routinely within 24 hours of the operation and the radio- 
activity determined. Whenever possible, solid tumor was used for study and 
hemorrhagic or necrotic areas avoided. 


RESULTS 


A total of 31 determinations were made in 25 patients with a presumptive 
diagnosis of cancer. Histologically proved malignant neoplasms were removed 
in 20 patients. The degree of radioactivity of the tumor was at least 25 per cent 
greater than in the normal surrounding tissue in 18 (90 per cent) of the 20 
patients with cancer. The radioactivity of tumor tissue averaged 279 per cent 
of an equal weight of normal tissue (Table I). The range of increased uptake 
in this group was from 101 to 667 per cent of normal. In no instance was the 
radioactivity of malignant neoplasm less than that of the normal control tissue. 
Moreover, 17 of 20 (85 per cent of the patients) had a tumor radioactivity 50 
per cent greater than normal, while 14 of the 20 (70 per cent) had radioactivity 
over 100 per cent more than an equivalent weight of normal adjacent tissue. 

In two instanees malignant tumors showed low radioiron content. One was 
a scirrhous carcinoma of the stomach. However, a lymph node involved with 
this same tumor contained considerable radioactivity (Patient W. K., Table I). 
The other instance of low activity was a squamous cell carcinoma of the tongue 
with gross ulceration. 

It is of considerable interest that in Patient L. H. (Table I) repeated 
examinations demonstrated an average tumor radioactivity of 229 per cent of 
normal. The radioactivity of an equivalent weight of peripheral whole blood ob- 
tained on the day of operation was less than that of the tumor, namely, 21,653 
counts per gram of tumor counted for 10 minutes as contrasted with 18,660 
counts per gram of blood counted 10 minutes. 


When gastric mucosa alone was used as the normal control tissue in two 
instances of gastric cancer, the percentage uptake of radioactivity by the tumor 
was even greater than when a full-thickness section of the stomach wall was 
used as the control. This method of comparison was utilized since carcinoma 
of the stomach arising in the mucosa could best be compared with a normal 


section of its parent tissue. 

Of the 5 patients with benign lesions, 3 had gastric ulcer, another a gastric 
polyp, while no pathologie lesion could be found in the final ease. One acute 
gastric ulcer and the gastric polyp each showed an uptake 132 per cent of 
normal ; however, the average radioactivity of benign lesions was 99 per cent of 
normal with a range of 44 to 132 per cent. Although the number in this group 








Eetewe - LOCALIZATION OF FE59 IN MALIGNANT NEOPLASTIC TUMOR 197 
umber 
is small and more cases are necessary before final evaluation can be considered, 
it is interesting that no striking elevations were present in any of these few 
specimens. 

DISCUSSION 


In normal adult males, the amount of radioactive iron which appears in the 
circulating hemoglobin in the first 6 to 9 days may represent 70 to 90 per cent 
of the given dose with further slight increases occurring during the subsequent 
3 to 4 weeks.2, Other workers* report similar rates of utilization. The relation- 
ship of anemia and eaneer presents an intriguing problem and has been reviewe? 
in an excellent monograph by Price and Greenfield..° In 1949 Finch ari as- 
sociates* observed, in 2 patients with cancer in whom no blood loss was noted, a 
decreased rate of radioiron incorporation into the red cells, with depression of 
the iron utilization eurves. Shen and Homburger™ in a subsequent study found 
that in only 33 of 113 anemie cancer patients could the anemia be completely 
explained on the basis of hemorrhage or blood loss. Moreover, in only 48 
patients could the anemia be even partially explained on this basis. In 1942, 
Taylor and Pollock*® published evidence based on 155 tumor-implanted mice, 
which indicated that tumor tissue had an antagonistic effect on the blood hemo- 
globin of the host. The hemoglobin level was depressed by the time the tumor 
implants had grown to measurable size and became progressively lower until 
death of the animal. They postulated an antagonistic action between hemo- 
globin and cancerous tissue, and to a lesser degree precancerous tissue. 

With direct measurements of the survival of tagged erythrocytes, particu- 
larly by serial studies using radiochromium or the Ashby technique whieh 
permits continuous evaluation of red cell destruction in eaneer patients, Hyman® 
demonstrated that a shortened red cell survival was a common finding in pa- 
tients with a variety of neoplasms. The life span of the red cell in 6 patients 
was as low as 8 to 28 days. 

In rats bearing the Dunning lymphosarcoma, Price and Greenfield* *° ob- 
served that the tumors contained a large amount of iron which could not all be 
accounted for by the iron of circulating blood. Using Cr*'-labeled erythrocytes, 
they were able to show that nearly all the labeled hemoglobin iron entered the 
tumor in the intact erythrocyte, whereas when the cells were first lysed and 
then injected, the labeled hemoglobin was found chiefly in the liver and urine, 
thus excluding hemolysis as a major cause of iron transfer. Greenstein® ob- 
served that progressive growth of the tumor in animals was associated with a 
translocation of iron and a continuous decrease in the level of hepatie catalase. 

When Fe*-labeled red blood cells are injected intravenously into animals 
with subeutaneous lymphosareoma, intraperitoneal hepatoma, and the Yoshida 
aseites tumor, there is a loss of 50 per cent of isotope-tagged erythrocytes from 
the blood in 3 to 10 days, depending on the site and growth of tumor, while 
almost no loss is seen in the controls.‘ Attempts were made at correction of the 
iron in the ecireulating blood because of variation in tumor vascularity itself 
by injecting cells labeled with Cr*! prior to sacrifice of the animal. By this 
means, it is possible to determine the amount of iron left in various tissues by 
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the circulating blood. The data show that the tumor had accumulated larg 
amounts of noncireulating iron in even greater quantity than the iron store 
of the liver. In addition, this was associated with a reduction in hemoglobir 
iron in the ecireulating blood. 

Additional experiments,*® in which double isotope techniques were use: 
demonstrated that a fairly large fraction of radioactive iron which disappeare: 
from the blood stream was recovered in the noncireulating radioiron of thi 
tumor. 

Whether the increased radioactivity observed in human malignant neo 
plasms is due to inereased vascularity of the tumor, increased tumor uptak 
of iron per se for its metabolism, or both is still not completely clear. Unfortu 
nately quantitative studies in human eancer patients are often difficult to obtain. 
Recovery of the isotope in tissue at the optimal time is not always possible. 
Clinical evaluation of the patient may also be altered by concurrent or associated 
diseases, operative blood loss, multiple blood transfusions, or surgical complica- 
tions. Factors of hemorrhage, necrosis, thrombosis, and individual vascularity 
of the neoplasm itself varies considerably from tumor to tumor. Nevertheless, 
in light of the available data, continued investigation in this area seems war- 
ranted. The feasibility of differentiating malignant and benign lesions pre- 
operatively in areas accessible for such evaluation as in skin, breast, head and 
neck, or the genitourinary system currently is being investigated. Double 
isotope studies also are underway in an attempt to determine factors accountable 
for the increased observed radioactivity of malignant human tumors. 


SUMMARY 


1. The radioactivity of malignant tumors in patients following the intra- 
venous injection of radioactive ferrous citrate (Fe°®) is significantly increased 
compared to normal adjacent tissue. 

2. Among cancer patients, the radioactivity of the tumor was 25 per cent 
greater than normal tissue in 18 of 20 eases and over 100 per cent greater in 
14 of 20 instances. 

3. Benign lesions appear to contain much less radioactive Fe°® than malig- 
nant neoplasms. 

4. The probable mechanisms for this localization and possible clinical ap- 
plications are discussed. 

We wish to acknowledge the help and cooperation of the Department of Pathology in 
this study. 


REFERENCES 


1. Chou, S. N., Aust, J. B., Moore, G. E., and Peyton, W. T.: Radioactive Iodinated Human 
Serum Albumin as Tracer Agent for Diagnosing and Loealizing Intracranial Lesions, 
Proc. Soe. Exper. Biol. & Med. 77: 193, 1951. 

2. Dubach, R., Moore, C. V., and Minnick, V.: Utilization of Intravenously Injected Radio 
active Iron for Hemoglobin Synthesis, J. Lab. & Clin. Med. 31: 1201, 1946. 

3. Finch, C. A., Gibson, J. G., II, Peacock, W. C., and Fluharty, R. G.: Iron Metabolism, 
Utilization of Intravenous Radioactive Iron, Blood 4: 905, 1949. 

4, Greenfield, R. E., and Price, V. E.: Studies on the Fate of Erythrocytes in Tumo1 
Bearing Animals, Proc. Am. A. Cancer Res. 2: 111, 1956. 








, olume 47 LOCALIZATION OF FE59 IN MALIGNANT NEOPLASTIC TUMOR 201 


Number 2 


5. Greenstein, J. P.: Chemical Effects of Growing Tumor on the Host With Special 
Reference to Iron, Proc. Third National Cancer Conference, Philadelphia, 1957, J. P. 
Lippincott, Co., p. 52. 

3. Hyman, G. A.: Studies on Anemia of Disseminated Malignant Neoplastic Disease, I. 
The Hemolytic Factor, Blood 9: 911, 1954. 

. Krohmer, J. S., Thomas, C. L., Storaasli, J. P., and Friedell, H. L.: Detection of 
Intraocular Tumors With the Use of Radioactive Phosphorus, Radiology 61: 916, 
1953. 

. Low-Beer, B. V. A., and Green, R. B.: Radiophosphorus Studies in Breast Tumors: Six 
Years Investigation of the Validity of the Surface Measurement, Cardiologia 21: 
497, 1952. 

. Moore, G. E.: Fluorescein as an Agent in the Differentiation of Normal and Malignant 
Tissue, Science NS 106: 130, 1947. 

. Price, V. E., and Greenfield, R. E.: Anemia in Cancer, in Advances in Cancer Research, 
New York, 1958, Academic Press Ince., vol. 5, p. 119. 

. Rawson, R. W., Skanse, B. N., Marinelli, L. D., and Fluharty, R. G.: Radioactive Iodine: 
Its Use in Studying Certain Functions of Normal and Neoplastic Thyroid Tissues, 
Cancer 2: 279, 1949. 

2. Selverstone, B., Solomon, A. K., and Sweet, W. H.: Location of Brain Tumors by Means 
of Radioactive Phosphorus, J. A. M. A. 140: 277, 1949. 

3. Shen, 8. C., and Homburger, F.: The Anemia of Cancer Patients and Its Relation to 
Metastases to the Bone Marrow, J. Lab. & Clin. Med. 37: 182, 1951. 

. Sweet, W. H., and Brownell, G. L.: Localization of Intracranial Lesions by Scanning 
With Positron-Emitting Arsenic, J. A. M. A. 157: 1183, 1955. 

. Taylor, A., and Pollock, M. A.: Hemoglobin Level and Tumor Growth, Cancer Res. 
2: 223. 1942. 

j. Williams, M. M. D., and Childs, D. 8., Jr.: Diagnostic Tests That Depend on Radio- 
isotope Localization, Am. J. Roentgenol. 75: 1040, 1956. 

. Yonehiro, E. G., Root, H. D, Perry, J. F., Jr., Marvin, J. F., and Wangensteen, O. H.: 
Detection of Minute Gastrcintestinal Bleeding Utilizing Radioactive Iron, Fe59, Proc. 
Soe. Exper. Biol. & Med. 98: 339, 1958. 








RESIDUAL COMMON DUCT STONES 
MarsHaAuu K. Bartuett, M.D., anp Jack R. Dreyruss, M.D., Boston, Mass. 


(From the Departments of Surgery and Radiology of the Harvard Medical School and th 
Surgical Services and the Department of Radiology of the Massachusetts General Hospital 


N important measure of the success of surgery for chronic cholecystitis and 
cholelithiasis is the incidence of residual common duct stones. Numerous 
studies have been made to determine this incidence by clinical evaluation, re 
exploration of the duct, or by the use of cholangiograms done through a catheter 
or T tube in the common bile duct. 

Glenn* reported an incidence of 7 per cent residual common duct stones 
found at secondary operation in 100 patients who had cholecystectomy and com- 
mon duet exploration 3 to 18 years before. Johnston, Waugh, and Good' 
found residual stones in 8 per cent of eases traced for 2 years after choled- 
ocholithotomy. Thomson’? reviewed the experience at the Vancouver General 
Hospital from 1949 to 1954 and found the incidence of residual commen duet 
stones to be 11 per cent as determined by re-exploration of the duct. Smith, 
Engel, Averbrook, and Longmire® found residual stones in 6.7 per cent of 225 
eases. Coleock and Liddle? were able to trace 94 out of 100 patients and 2 of 
them had residual stones. 

McKittrick and Wilson* found residual stones by postoperative cholangio- 
grams after common duct exploration in 2 of 100 consecutive cases. Hicken, 
MeAllister, and Call‘ studied postoperative cholangiograms on 400 patients and 
found that residual stones were shown in 20 per cent. Kantor, Evans, and 
Glenn’ showed residual stones in 9 per cent of 405 cases by postcholedochostomy 
cholangiograms in patients with stones or clinical question thereof. Hight, 
Lingley, and Hurtubise® found residual stones in 13 per cent of 109 operative 
cholangiograms and in 5 per cent of 134 postoperative cholangiograms. There 
were an additional 8 doubtful cases in the latter group. 

It seemed to us particularly important to attempt to determine the incidence 
of residual common duct stones at the Massachusetts General Hospital because 
we have not shared the current enthusiasm for the use of routine operative 
cholangiography to avoid leaving unsuspected stones in the duct. We use 
this procedure only in a few selected cases which present some particular 
problem. We know from previous experience! that failure to remove all stones 
from a common duct that is explored is a more common error than failure to ex- 
plore a duet which later proves to have contained stones. It therefore seemed that 
the most fruitful means of detecting such residual stones would be by postopera- 
tive cholangiography. It must be recognized that this is not a completely accurate 
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method since small stones may be masked by a dense contrast medium and it is 
impossible at times to tell whether a given shadow represents a stone or an air 
bubble. A clinical follow-up was attempted in all cases when there was a residual 
stone or a doubtful shadow by cholangiogram. 


MATERIAL 


Postoperative cholangiograms were available on 355 patients who were 
operated upon between the years 1950 and 1957. This examination is not done 
routinely in this hospital on all patients who have a common duct exploration, 
but was done at the discretion of the surgeon in each case. We believe that 
if there has been any selection of patients it would be toward those in whom 
there was some suspicion of a residual stone rather than otherwise. To assure 
uniformity of radiologic interpretation, all of the films were reviewed by one 
of us (J. R. D.) without reference to any opinion previously expressed. 

The series included both ward service and private cases and represents the 
work of surgeons from all levels of the House and Visiting Staffs. 


RESULTS 


The postoperative cholangiograms were considered positive for residual 
stones in 10 eases. One patient had stones removed from the common duct 
5 years later and one has had repeated attacks of pain consistent with common 
duct stone. The stone had passed in one ease as judged by an intravenous 
cholangiogram done 5 years after operation. Another patient died 2 months 
after operation and no residual stone was found in the common duet at autopsy. 
The remaining 6 patients have been free of symptoms for periods ranging from 
7 months to 8 years since operation. 

There were an additional 26 cases in which the findings by cholangiogram 
were doubtful and it was impossible to be sure whether the shadows were due 
to stones or to air bubbles. Twenty-three of these patients were traced. Only 
2 have had symptoms suggestive of residual common duct stones. The remaining 
21 patients have remained symptom free since operation. All have been followed 
for over a year, 18 over 2 years, and 16 over 5 years. 

It is obviously necessary to make some assumption in regard to the presence 
or absence of residual stones in these doubtful eases. It seems fair to assume 
that those patients not traced or who had symptoms had residual stones and 
that those who remained symptom free did not. If these assumptions are 
accepted we would conclude that there were residual stones in 5 patients. 

Adding the 10 patients with positive findings on postoperative cholangiog- 
raphy to the 5 doubtful eases, the incidence of residual common duct stone was 
4.2 per cent. 

DISCUSSION 

There is no means of determining with complete accuracy the incidence of 
common duct stones after choledochostomy. Postoperative cholangiography is 
probably the most accurate method now available although its limitations must 
be recognized. 
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If subsequent negative examination by intravenous cholangiogram is ac- 
cepted, as well as autopsy findings, as evidence of passage of residual common 
duet stones, this was shown to occur in 2 of the 10 patients who had residual 
stones at the original examination. The largest of these measured 1 em. in 
diameter on the x-ray film and passed through a papilla that had been dilated 
to 6 mm. at operation. This confirms the generally accepted view that some 
residual common duct stones will pass. This probably also occurred in some of 
the other patients with positive postoperative cholangiograms who remained 
symptom free for long periods of time. That residual stones may remain in 
the common duct for considerable intervals, however, without producing symp- 
toms is well recognized. Fig. 1, A, shows the T-tube cholangiogram done on 
a 73-year-old patient after operation showing residual stones. An intravenous 
cholangiogram done after a 2-year interval, during which the patient was free 
of symptoms, is shown in Fig. 1, B. The common duct shows further increase 
in diameter and the same stone shadows are present. 





A. B. 


Fig. 1.—A, Postoperative T-tube cholangiogram on a 73-year-old patient which shows 
two residual stones. B, Intravenous cholangiogram done after a 2-year symptom-free interval. 


The same shadows are present and the common duct has increased somewhat in size. 

Since all but 2 of the 23 patients with doubtful cholangiographie findings 
that could be traced remained free of symptoms it seems fair to conclude that 
in most eases the shadows seen were due to air bubbles rather than stones. In 
similar cases when the cholangiogram has been repeated before removal of the 
tube, the examination has almost always been negative. This would undoubtedly 
have been done in these doubtful cases but for the fact that the initial inter- 
pretation of the cholangiogram was negative and the question of residual stones 
was only raised at our later review of the films. The advisability of repeating 
the examination in doubtful cases is obvious. 
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Assuming that all positive postoperative examinations represented residual 
stones, that all doubtful cases that were not traced or had suggestive symptoms 
had stones, and that doubtful cases that remained symptom free did not, the 
incidence of residual stones in this series of 355 cases was 4.2 per cent. There 
is no evidence at present that this could be improved by the routine use of 
operative cholangiography as currently carried out. Future improvements in 
technique may make this a desirable procedure, but for the present we continue 
to use it only in selected cases. 


SUMMARY AND CONCLUSIONS 


1. The results of postoperative tube cholangiography in 355 cases have been 
reviewed. 

2. There was definite radiologic evidence of a residual stone in 10 patients. 
Passage of these stones occurred in 2 eases as shown by autopsy and intravenous 
cholangiogram. Six additional patients have been symptom free for periods of 
7 months to 8 years after operation. 

3. The cholangiographic findings were doubtful in 26 cases. Three patients 
eould not be traced and 2 others had symptoms suggesting residual stones. 
These 5 are assumed to have stones. The remaining 21 patients have remained 
symptom free and are assumed to have no residual stones. 


4. The presence of residual stones is thus proved or assumed in 15 eases, 
or 4.2 per cent. 
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LONG UPPER FLAP SKIN INCISION FOR RADICAL NECK 
DISSECTION 
ALEX LATYSHEVSKY, M.D., AND H. Ropert FrReunNpD, M.D., BROOKLYN, N. Y. 


(From the Department of Surgery of the State University of N. Y., Downstate Medical Cente: 
at Kings County Hospital, the Long Island College Hospital, and the Brooklyn 
Veterans Administration Hospital) 





N the performance of radical neck dissection, the skin incision used should 

be designed both to achieve a good cosmetic result and to avoid serious com- 
plications following operation. An approach will be deseribed which accom. 
plishes both of these objectives. 

The most commonly used incision extends from the mastoid process down- 
ward and forward to a point near the carotid bifureation. From here it is 
continued below the submaxillary triangle upward toward the chin. <A vertical 
incision is carried downward from the lowest point to form a single Y as de- 
seribed by Brown and MacDowell? or a double Y is formed in the technique of 
Martin and his ecolleagues® by splitting the vertical limb in the supraclavicular 
area. The method used by Semkin‘ is a modification produced by turning the 
vertical limb posteriorly to parallel the clavicle at the lower end. Although each 
of these incisions provides good exposure, the disadvantage common to all of 
them is that the junction point of three flaps lies over, or very close to, the 
earotid bifureation. Failure to heal or slough of one or more of the flaps will 
cause exposure of these vessels. Such a complication may be fatal because the 
exposed earotids are subject to gangrene and perforation. Royster® has tried 
to overcome this problem by making the vertical incision posterior to the pulsa- 
tion of the carotid. It is then continued downward in a curving fashion. How- 
ever, a trifureation close to the carotid is not entirely avoided. 

Several methods have been devised to eliminate the meeting of three flaps 
at the carotid bifurcation. Schobinger’ started the vertical incision posteriorly, 
forming a large anterior flap. Various types of transverse incisions have also 
been advocated. The technique of Echert and Byars* is an extension of a 
thyroid incision upward to the mastoid process. MacFee* uses two transverse 
incisions, and Attie' a single transverse incision for neck dissection. These give 
a good cosmetic result and avoid complications involving the carotid vessels. 
They are not readily adaptable, however, for all types of combined procedures, 
particularly those requiring entrance into the oral cavity, and the surgeon is 
sometimes hampered by difficulties in exposure. 

A variety of incisions has been used in the performance of head and neck 
surgery at the Kings County Hospital, the Long Island College Hospital, and 
the Brooklyn Veterans Administration Hospital. Where the primary tumor 
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is in the thyroid or larynx, an approach similar to that described by Echert and 
Byars® is entirely satisfactory. A transverse incision is carried across the neck 
at the level of the cricoid cartilage to a point behind the posterior border of the 
sternocleidomastoid muscle. From the end of this incision, an oblique continua- 
tion is carried up to the mastoid process behind the muscle and a shorter in- 
cision is dropped to the clavicle. With this incision, there have been few com- 
plications because the posterior flap is short, and the carotid vessels are well 
covered. The point of trifurcation is well below the carotid bifurcation, and 
considerably posterior to the vessel. Unfortunately, this method is not readily 
adaptable for en bloc resection of intraoral primary carcinoma. The Y-type in- 
cisions originally used in these cases resulted in a high incidence of ecomplica- 
tions. It was noted that when slough of the skin edges appeared, it occurred 
most commonly in the posterior flap. However, in no case was skin slough noted 
at the edge of the upper flap. 


faired he Kalidiithe 
oe ae ae 
Fig. 1. Wig. 2. 
Fig. 1.—Incision outlined prior to operation. 
Fig. 2.—Artist’s drawing of incision. 


Additional observations were made at the operating table, where the via- 
bility of the various flaps could often be compared. The upper one always had 
better color and circulation than the others. As a result, it was decided to en- 
large the upper flap considerably at the expense of the other two. A broader 
base was provided by starting the posterior incision at least 1 em. behind the 
mastoid process. This permitted the rich bleod supply of the sealp to partici- 
pate in the nourishment of the flap. Even though the incision was then ex- 
tended downward almost to the clavicle, the skin edges at the completion of 
the procedure maintained a good color and bled freely. The small medial and 
lateral flaps that needed to be raised were now so short that they also main- 
tained a satisfactory blood supply. The long upper flap placed no incision at 
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all over the carotid bifurcation or the upper portion of the common earoti 

artery, and, with no slough of the overlying skin, these arteries were never e> 

posed postoperatively. This technique also improved the cosmetic result ol 

tained (Figs. 3 and 4). The upper part of the posterior scar was covered 
hair, and the incision in the lower portion of the neck was concealed by clothing 
Despite the fact that the cosmetic result was improved and skin complication 
were avoided, there was no sacrifice in operative exposure of the neck. By con 
tinuing the midline incision up through the lip and raising the flap off the 
mandible, combined resections for intraoral primary lesions were carried out 
with ease. 


Fig. 3. 





Fig. 3.—Final scar in unilateral neck dissection. 
Fig. 4.—Scar of bilateral neck dissection. 


TECHNIQUE 


The patient is placed on the table with the face turned away from the side 
of operation. The incision starts at a point 1 em. behind the posterior border 
of the mastoid process and follows the edge of the trapezius muscle downward, 
eurving forward at a point 2 em. above the middle of the clavicle. Then it runs 
parallel to the clavicle almost to the midline, and finally curves upward to end 
about 1 em. below the midpoint of the mandible. <A short vertical limb 4 em. 
in length is then made from the center of the transverse incision downward over 
the clavicle (Figs. 1 and 2). Elevation of the flaps is then earried out. The 
platysma muscle may be either left on the skin or the dissection may be carried 
between the skin and platysma. In the latter case, the superficial fascia of the 
neck must be elevated with the flap to protect the venous drainage of the skin. 
The upper flap is raised to expose the lower border of the mandible. The pos- 
terior flap is minimal because it only needs to extend to the edge of the trapezius 
muscle. The medial flap is elevated below to expose the insertion of the sterno- 
eleidomastoid muscle. The upper edge of the clavicle is exposed. The dissected 
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skin is now attached to the drapes with towel clips and covered with wet pads. 
At the completion of the neck dissection, the skin is approximated with inter- 
rupted 5-0 nylon mattress sutures. A Penrose drain is brought out above the 
elavicle through the small vertical component. A pressure dressing is then 
applied. 

When a bilateral neck dissection is performed as a one-stage operation, a 
similar technique is used. The incisions are made the same posteriorly and are 
joined below by a transverse incision about 2 em. above the clavicle. This forms 
a huge flap consisting of most of the anterior part of the neck. As there is no 
midline component, the cosmetic result is almost perfect and the final sear can 
hardly be identified. 


CONCLUSION 


The incision described has been used in 35 cases during the past 2 years. 
There has been no ease of serious skin necrosis leading to exposure of the carotid 
arteries postoperatively, and a better cosmetic result has been achieved. 
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THE INFLUENCE OF CLORPACTIN WCS-90 ON THE BACTERIAL 
COMPLICATIONS OF SURGERY 
MeruIn K. DuVAL, JR., M.D., AND FRANK H. Howarp, M.D., 
OKLAHOMA City, OKLA. 


(From the Department of Surgery, University of Oklahoma Medical Center) 


HE greatest remaining source of morbidity for patients required to undergo 

a surgical operation is a complication of bacterial origin. The development 
of antibiotic therapy, over the past decade, has made it possible to reverse man) 
established infections but there is scant evidence that antibiotic therapy is of 
value in preventing such complications. On the contrary, evidence is accumulat- 
ing that the prophylactic use of antibiotics may result, instead, in the develop- 
ment of resistant flora for which appropriate therapy is unavailable.* ° Such 
possibilities justify a continued vigorous search for materials and methods for 
the prevention of bacterial infection. 

Clorpactin WCS-90 is a purified grade of an organie hypochlorous acid 
derivative, buffered and stabilized in the form of a white, water-soluble powder. 
Generically, it is a monoxyehlorosene which differs from other hypochlorites in 
its stability and activity at a neutral pH. In 0.4 per cent solution it has been 
deseribed as bacteriocidal, fungicidal, virucidal, and tumoricidal.***'’ It is 
apparently nonallergenic, nontoxic, and nonirritating, and has been administered 
orally, intradermally, intravenously, intraperitoneally, and intrapleurally, with- 
out harmful effect.2 At the same time, it is rapidly deactivated by exposure to 
organic solutions and discharges. Consequently, its therapeutic and prophy- 
lactic effectiveness depends upon a regimen that brings adequate quantities of 
the agent into frequent contact with the desired site of action. 

In order to assess objectively the possible merits of this material in con- 
trolling or reducing bacterial complications of all operations done on a general 
surgical service, the following study was carried out. 


MATERIALS AND METHODS 


Clorpactin WCS-90 (0.4 per cent) in distilled water* was used both to pre- 
pare the skin and as a wound irrigant at the time of operation. Its effects were 
compared to those of a control group in which the skin was prepared with 
surgical soap containing hexachlorophene (Septisol), and the wound irrigation 
done with sterile saline. In both groups there was no preoperative wound prep- 
aration other than shaving. At operation, the operative site was serubbed for 
5 minutes with either Clorpactin or Septisol, dried with a sterile towel, and 
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suitably draped. Skin towels were not used. As the operation proceeded, the 
wound was irrigated for a full minute with approximately 300 c.c. of 0.4 per 
cent Clorpactin WCS-90 or sterile saline, respectively, once each hour and 
again at the time of final wound closure. Irrigation of the peritoneal or pleural 
cavities was done, in some eases, at the discretion of the operating surgeon. 
Nondrained operative wounds were covered with sterile dressings for 48 to 72 
hours and then were left exposed. 

Distribution of cases into control or study groups was accomplished by 
random assignment according to the flip of a coin, and without the knowledge 
of either the patient or the operating surgeons. Suitable postoperative observa- 
tions were made in each ease and recorded on a protocol sheet, especially de- 
signed for the study and attached to the chart of each patient. When follow- 
up was complete, the data were coded and transposed to business machine punch 
eards for analysis. 

Throughout the investigation, every patient taken to the operating room 
from the General Surgical Services was included in the study. In the event 
an operative wound was unavailable for immediate postoperative study (death 
of the patient, or early postoperative amputation or excision of the original 
surgical wound), the case was eliminated from the study. 


RESULTS 


The study was conducted over most of a one-year period and was concluded 
after 1,000 eases had been observed. There were 533 males and 467 females, 
with age distribution from newborn to 89 years. One-third of the patients 
were over 60 years of age (Table 1). Appropriate postoperative observations 
were made to determine the effect of the preoperative use of Clorpactin WCS- 
90 on the following: (1) the incidence of wound infections in clean and con- 
taminated eases; (2) the incidence of wound infections in septic cases (having 
positive cultures at the time of operation); (3) the incidence of postoperative 
bacterial complications distant to the surgical wound; (4) the influence of Clor- 
pactin on postoperative morbidity; (5) the influence of irrigation of the peri- 
toneal cavity on subsequent bacterial complications; and (6) the possible exag- 
geration of postoperative morbidity by irrigation of the peritoneal cavity. 


TABLE I. AGE AND SEX DISTRIBUTION OF 1,000 CASES 











AGE | NUMBER 
0- 9 19 
10-19 63 
20-29 79 
30-39 119 
40-49 159 
50-59 238 
60-69 165 
70-79 128 
80-89 30 


Males: 533 Females: 467 
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Wound Infections.—Table II summarizes our findings relevant to wor 
infections among the 537 clean and 463 contaminated cases. The clean cont 
group consisted of 262 patients in which 3 wounds were packed open lea\ 
259 in which infection was a possibility. There were 12 infections, an incide: 
of 4.6 per cent. The clean Clorpactin group contained 275 cases; 2 wounds \ 
packed open and there were 5 infections among the 273 closed wounds, an 
eidence of 1.8 per cent. Among the contaminated cases in which the operat 
wound was closed, there were 22 infections in the control group (9.8 per e 
and 15 in the Clorpactin group (7.5 per cent). This latter difference is ni 
statistically significant. It has recently been determined that complete prot 
tion against bacterial growth by Clorpactin is a function of contact time, and 
that approximately 3 minutes is necessary for such protection. That some pro- 
tection was achieved in this study by using a contact time of one minute is evi- 
dent. The final answer to the efficacy of Clorpactin, in this regard, must await 
studies involving a longer period of contact. One observation regarding wound 
infections among contaminated cases was of particular interest. Seventy-five 
per cent of the infections in the Clorpactin series occurred either in eases in 
which blood supply was deficient (peripheral vascular cases), or in cholecystee- 
tomies. There was no comparable ‘‘limitation’’ of infections among the con- 
trolled series. 


TABLE II. INCIDENCE OF WoUND INFECTIONS IN 1,000 CLEAN AND CONTAMINATED, CONTROL 
AND STUDY CASES 

















SEPTISOL (511 CASES) l CLORPACTIN (489 CASES) 
CLEAN | CONTAMINATED | CLEAN | CONTAMINATED 
Number 262 249 275 214 
Wounds packed 3 24 2 14 
Closed wounds 259 225 273 200 
Wound infections 12 (4.6%) 22 (9.8%) 5 (1.8%) 15 (7.5%) 





Wound Infections in Septic Cases—Table III indicates that there were 
51 eases in which positive cultures were obtained at operation. Eighteen were 
wound cultures, 32 from the peritoneal cavity, and one from the pleura. Among 
this group of 51 patients, 16 wounds were packed open leaving 35 with closed, 
presumably infected, wounds. Ultimately, 8 wound infections appeared in the 


TABLE III. INCIDENCE OF WOUND INFECTIONS IN 51 SEpTic CASES WITH POSITIVE CULTURE 
AT OPERATION 


POSITIVE O.R. CULTURES 


























Wound 18 
Peritoneum 32 
Pleura 1 
SEPTISOL CLORPACTIN 
Number 37 14 
Wounds 
packed 12 4 
Closed 
wounds 25 10 
Wound 
infections 8 (32%) 1 (10%) 
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°5 control eases, and one appeared in the 10 Clorpactin eases. This represents 
an ineidence of 32 and 10 per cent, respectively. It is apparent that Clorpactin 
was very influential in reducing the incidence of wound infections in septic 
cases with positive bacteriologic cultures at operation. 


Bacterial Complications Distant to the Wound.—Table IV is a summary 
of the bacterial complications observed in the postoperative period distant to 
the operative wound. The 4.2 per cent incidence of such complications among 
clean control cases is not statistically different from the 5.8 per cent observed 
in the clean Clorpactin group. Similarly, among contaminated eases, the con- 
trol group distant complication rate of 10.8 per cent is not statistically different 
from the Clorpactin rate of 8.0 per cent. These results were as expected, inas- 
much as there is no reason to implicate the manner of surgical skin preparation 
in the occurrence of postoperative pulmonary and urinary complications. It 
was apparently significant that intraperitoneal complications were substantially 
lower among the eases in which Clorpactin had been used as a wound irrigant. 
This will be discussed further. 


TABLE IV. POSTOPERATIVE BACTERIAL COMPLICATIONS DISTANT TO OPERATIVE SITE IN 1,000 
CLEAN AND CONTAMINATED CASES 

















‘i SEPTISOL (511 CASES) CLORPACTIN (489 CASES) 
CLEAN | CONTAMINATED CLEAN | CONTAMINATED 
Number 262 249 275 214 
Postoperative 
complications 11 (4.2%) 27 (10.8% ) 16 (5.8%) 17 (8.0%) 

Peritoneal i 12 0 6 
Pleural 0 0 0 2 
Pulmonary 2 4 10 5 
Urinary 6 8 | 4 
Circulatory 0 3 1 0 
Other 2 0 1 0 





Clorpactin and Postoperative Morbidity—Although Clorpactin was used 
in 489 eases, no reaction, local or systemic, was observed at any time. Table 
V expresses the postoperative morbidity in terms of body temperatures. The 
mean body temperature for one week after operation was 99.18° F. for clean 
control eases and 99.11° F.. for clean Clorpactin cases. Among the contaminated 
cases the mean temperature was 99.49° F. for the controls and 99.45° F. for the 
Clorpactin group. Table V also indicates the mean postoperative day by which 


TABLE V. POSTOPERATIVE MORBIDITY IN 1,000 CLEAN AND CONTAMINATED CASES MANIFESTED 
BY POSTOPERATIVE Bopy TEMPERATURE 














SEPTISOL (511 CASES) CLORPACTIN (489 CASES) 
CLEAN | CONTAMINATED CLEAN CONTAMINATED 
Number 262 249 275 214 
Mean postoperative tem- 
perature for 7 days 99.18°F. 99.49°F. 99.11°F. 99.45°F. 


Mean postoperative day 
temperature returned to 
_ normal 4.03 6.16 3.59 5.25 
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the temperature returned to permanent normal. In clean cases this was 4.0 
days in the control group and 3.59 days in the Clorpactin group. For coi 
taminated cases it was 6.16 days for the control and 5.25 days for the Clorpacti 
series. It should be apparent that there was no objective evidence that t! 
use of Clorpactin exaggerated postoperative morbidity in any way; indeed, t] 
data suggest that morbidity was somewhat less among the Clorpactin cases i 
all eategories observed. 


Complications Among Cases of Peritoneal Irrigation.—Earlier referen: 
to Table IV revealed that there were 13 intraperitoneal bacterial complication 
in the 511 control cases (clean and contaminated), but only 6 among the 45°) 
Clorpactin cases (2.5 and 1.2 per cent, respectively). Further clarification and 
explanation of this finding is available in Table VI, which is a specific analysis 
of only those cases (212) in which the peritoneal cavity was irrigated at the 
time of surgery. One control wound was packed open. Of 97 control cases, 12 
wound infections were observed (12.5 per cent). Among 115 Clorpactin eases 
there were 9 wound infections (7.8 per cent). This additional evidence of the 
protective effeet of Clorpactin, when used as a peritoneal irrigant, especially if 
contrasted with the similar but less marked effect of Clorpactin on the incidence 
of wound infections in all contaminated eases (Table II), suggests that one 
of the advantages of peritoneal irrigation may be the additional exposure and 
contact time between the agent and the operative wound itself. 

TABLE VI. INCIDENCE OF WOUND INFECTIONS AMONG 212 CASES SUBJECTED TO PREOPERATIVE 
IRRIGATION OF THE PERITONEAL CAVITY 


‘CLORPACTIN 








| SEPTISOL — 





Number 97 115 
Wounds packed 1 0 
Closed wounds 96 115 
Wound infections 12 (12.5%) 9 (7.8%) 








Peritoneal Irrigation and Postoperative Morbidity.—Two criteria of ileus 
were noted, namely, the postoperative day on which flatus was first passed, and 
the day of the first bowel movement. Two criteria of systemic reaction were 
also recorded: the mean temperature over 7 postoperative days, and the post- 
operative day on which the temperature returned to permanent normal. Table 
VII is a summation of these observations. Inasmuch as the appearance of a 
postoperative, intraperitoneal, bacterial complication was already an indication 
of the failure of the original peritoneal irrigation, and its associated ileus and 
systemie responses were already accountable, these cases are simply recorded 
but otherwise not included in the specific caleulations in Table VII. Thus, it 
is evident that the mean postoperative day of first flatus was 2.22 in the saline- 
irrigated control group, and 2.30 in the Clorpactin-irrigated group. The first 
bowel movement occurred after 5.47 days in the control series and 3.53 days 
in the Clorpactin series. The mean body temperature for the first 7 post- 
operative days was 99.65° F. in the control group and 99.61° F. in the Clor- 
pactin group. Similarly, the mean postoperative day on which body tempera- 
ture returned to permanent normal was 7.21 in the control, and 5.86 in the 
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Clorpactin series. These data would appear to leave no doubt that irrigation of 
the peritoneal cavity with Clorpactin was not manifested by any increase in 
morbidity as reflected by the duration of the intestinal ileus or systemic febrile 
response. On the contrary, the evidence appears to suggest the reverse. 


TABLE VII. POSTOPERATIVE MORBIDITY AFTER PERITONEAL IRRIGATION IN 212 CASES AS 
MANIFESTED BY ILEUS AND Bopy TEMPERATURE 











- | SEPTISOL | CLORPACTIN 
Number 97 115 
Intraperitoneal complications 6 5 

Mean day of first flatus 2.22 2.30 
Mean day of first bowel movement 5.47 3.53 
Mean postoperative temperature elevation for 7 days 99.65° F. 99.61° F. 
Mean postoperative day temperature returned to normal 7.21 5.86 





DISCUSSION 


At a time when all surgeons are conscious of the development of strains 
of antibiotic-resistant bacteria, and particularly the complications that may 
arise aS a consequence of this development, it is proper to re-emphasize the im- 
portance of operative technique, the preparation of skin, and treatment of opera- 
tive wounds. Since none of the accepted methods of operating room conduct are 
perfect, continued efforts to improve these methods are justified. 

The almost spectacular implications of the reports in the literature that 
Clorpactin WCS-90, a relatively inexpensive, nontoxic, nonallergenic, water- 
soluble monoxyehlorosene, was lethal, on contact, to all known strains of bac- 
teria, spores, viruses, and fungi suggested that an objective study of its influence 
on the bacterial complications and morbidity of surgical operations was in order. 
As a result of the cooperation of a large surgical house staff, willing to comply 
with a standardized regimen of patient skin and wound management in the 
operating room, such a study has been earried out in 1,000 eases. 

The experience gained from this study justifies two observations. First, 
there is no doubt that the operative use of Clorpactin substantially reduced 
the incidence of postoperative bacterial complication at the site of the operative 
wound. If the observations of Cole’ prove to be valid, then extension of the 
Clorpactin wound contact time of one minute (as used in this study) to 3 
minutes should lead to even more significant improvement. Second, there was 
no evidence that the use of Clorpactin was in any way harmful to the patient, 
even if used in copious quantities within the peritoneal or pleural cavities. In- 
deed, the period of intestinal ileus was shorter, postoperative temperatures were 
lower and returned to permanent normal sooner among the Clorpactin eases. 

Although Clorpactin failed in the prevention of wound infections less often 
than control procedures failed, the majority of failures seemed to oceur in two 
situations—choleeystectomies and peripheral vascular operations. No explana- 
tion for failure in cholecystectomies is evident, but failure in peripheral vascular 
cases justifies, once again, the inference that no agent can substitute for good 
surgical technique and gentleness in handling tissue, especially in situations of 
compromised blood supply. 
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HUMORAL EFFECTS OF EXPERIMENTAL CRUSH SYNDROME 
Davip D. SNypER,* AND GILBERT S, CAMPBELL,* MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Hospitals) 


YPOTENSION, oliguria, and death from renal failure may follow the re- 

establishment of blood flow to previously ischemic muscle. Experimental 
work on the dog has shown that neural factors may play a significant role in 
the reduction of blood pressure, the decrease in renal blood flow, and the pro- 
duction of tubular degeneration.® Because the effects of the effluent returning 
from the ischemic muscle mass have been less well studied, it was decided to 
determine the contribution of humoral effects in this disorder. 


MATERIALS AND METHODS 


Under intravenous pentobarbital anesthesia the femoral arteries and veins 
of the donor dog were cannulated and heavy wire tourniquets were placed prox- 
imal to the cannulae. The two ends of each tourniquet were twisted as tightly 
as possible with pliers and the adjustable screw devices were maximally tight- 
ened. In this manner all blood flow to the limbs was occluded except for intra- 
osseus channels. <A 10 ¢.c. syringe was primed with heparin (0.25 mg. per 
kilogram of body weight) and blood was withdrawn from the femoral vein can- 
nulae to the 10 ¢.c. mark. This blood was then returned to the legs via the 
arterial cannulae. Another 10 ¢.c. of blood was then withdrawn from the veins 
and returned to the arteries. This recirculation was repeated hourly to mini- 
mize intravascular clotting. 

After a control glomerular filtration rate (GFR) and effective renal blood 
flow (RBF) were obtained under morphine sedation, the experimental dog was 
anesthetized with intravenous pentobarbital and the femoral arteries and veins 
were cannulated. The carotid artery was cannulated for monitoring blood pres- 
sure, and heparin, 0.5 mg. per kilogram of body weight, was administered. 
After 4 hours of donor hindlimb ischemia, the femoral arterial and venous ean- 
nulae of the 2 dogs were connected by means of plastic tubing, and the ischemic 
hindlimbs were cross-cireulated with the intact dogs for a 6-hour period (Fig. 
1). A urethral catheter was placed in the bladder of the intact dog and 0.15 
N HCl was administered intravenously at a rate sufficient to maintain urinary 
pH at 6.5 or less. Arterial blood pressure above 100 mm. Hg and control 
hematocrit levels were maintained by intravenous dextran infusions, ranging 
from 400 to 700 ¢.c. Urine and plasma samples were collected hourly following 
the institution of ischemic limb perfusion and the concentrations of myoglobin 
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and hemoglobin were determined in each by Benson’s modification of the sp 
trophotometrie method of Bowen and Eads. Plasma potassium (K) and plas) 
phosphorus (P) were drawn before, immediately following, and 12 hours aft 
the eross-cireulation period. GFR and effective RBF (determined as creatini: 
and PAH clearances) were done under morphine sedation before cross-cireu! 
tion, and 1 day, 4 days, and 2 weeks afterward. 

Creatinine and PAH clearances were done by the method of Selkurt."! 
urethral catheter was inserted into the bladder and 0.25 Gm. of creatinine ai 
50 to 100 mg. of PAH were injected intravenously. Normal saline (10 c.c. | 
kilogram of body weight) was infused to promote diuresis. A solution of 0 
per cent creatinine and 0.09 per cent PAH was infused at a rate of 1.3 c.c. 
per minute. After a 30-minute period of stabilization, a 20-minute urine col- 
lection was started. After 10 minutes of urine collection, blood samples were 
drawn for hematocrit and plasma creatinine and PAH concentrations. Urine 
volume was measured and analyzed for creatinine and PAH concentrations. Ex- 
periments were performed on 8 normal and 8 uninephrectomized dogs. 


FEMORAL ARTERIAL CANNULAE 








Fig. 1.—Sketch of technique of perfusion of previously ischemic hindlimbs by intact dog. 


RESULTS 


Urinary Output.—It was possible to maintain the experimental dog’s blood 
pressure above 100 mm. Hg throughout the perfusion in 13 of the 16 dogs. 
Three dogs developed hypotension 214 to 4 hours after perfusion was started 
and were refractory to dextran infusion. These same 3 dogs had cessation of 
urinary output at this time and died within 8 hours of the development of hypo- 
tension. Two of the 13 remaining dogs died 8 and 10 hours following the dis- 
continuance of cross-circulation, and the 11 other dogs survived. The urinary 
volumes of the 13 dogs which did not exhibit hypotension remained at ade- 
quate levels (6 to 26 ¢.c. per hour) and in no instance did oliguria appear which 
eould not be reversed by intravenous saline infusion. 

Myoglobinemia and Myoglobinuria.—Fig. 2 shows the mean plasma myo 
globin concentration in the 16 experiments. Specimens collected immediately 
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before ischemic muscle perfusion failed to show any trace of myoglobin. After 
i hour of eross-circulation the mean plasma myoglobin was 6 mg. per cent. The 
peak mean plasma myoglobin concentration of 18.6 mg. per cent was reached 
at the end of the third hour and the degree of myoglobinemia then declined 
during the next 5 hours. The plasma myoglobin levels were higher than those 
reported by Montagnani and Simeone.’ This difference is probably due to dif- 
ference in methods for producing muscle ischemia. Also the descent of the 
myoglobin concentration was more rapid in our experiments than in those of 


others.” 7% 
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Fig. 2.—Mean plasma myoglobin concentration during perfusion of previously ischemic muscle. 


The urinary excretion of myoglobin is shown in Fig. 3. The mean excretion 
during the first hour was 5 mg. but excretion increased sharply to 40 mg. and 
d4 mg. during the second and third hours, respectively, and there was a steady 
decrease for the next 4 hours. These values for myoglobinuria are higher than 
those reported elsewhere.” 1* Factors which may explain this difference are 
(1) adequate hydration with high urinary output in these experiments, and 
(2) renal excretion of myoglobin was not altered by direct neural influences of 
crush syndrome which decrease GF'R and RBF.® 

Comparison of the curves of myoglobinemia and myoglobinuria shows no 
evidence of impaired myoglobin excretion in spite of a urinary pH of 6.5 or less. 

Hemoglobinemia and Hemoglobinuria.—The mean plasma hemoglobin econ- 
centration rose abruptly following the institution of ischemic limb perfusion to 











290 SNYDER AND CAMPBELL Februa St 
72 mg. per cent. In contrast to myoglobin, however, the plasma hemoglobin } 
mained elevated throughout the perfusion as shown in Fig. 4. The urinary « 
cretion of hemoglobin was 15 mg. during the first hour and ranged between 
and 15 mg. hourly for the next 6 hours. Thus, it can be seen that hemoglo}) 
was not excreted nearly as effectively as myoglobin. This apparently is d 
to the smaller size of the myoglobin molecule (molecular weight 17,000) as co: 
pared to the hemoglobin molecule (molecular weight 65,000). 


URINARY EXCRETION OF MYOGLOBIN AND HEMOGLOBIN 
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_ Fig. 3.—Urinary excretion of myoglobin and hemoglobin and urine volume during per- 
fusion of previously ischemic muscle. 
Fig. 4.—Plasma hemoglobin concentration during perfusion of previously ischemic muscle. 


Plasma K and P.—The mean values of plasma K and P are given in Fig. 5. 
The mean plasma K at the end of the ischemic muscle perfusion had risen from 
3.8 mEq. to 6.7 mEq. per liter. The 5 dogs which died within the next 10 hours 
had a mean plasma K of 8.7 mEq. per liter (range 5.7 to 10.6) immediately 
postperfusion, whereas the mean plasma K of the 11 surviving dogs was 5.8 
mEq. per liter (range 4.6 to 7.4). Twelve hours later the mean plasma K of 
these 11 dogs was 5.0 mKq. per liter, and at 36 hours postperfusion it was 
4.6 mEq. per liter. Four days after cross-circulation, the mean plasma K was 
4.1 mEq. per liter. Holmes® demonstrated that muscular trauma may be accom- 
panied by a lethal elevation in the serum K. Additionally, our studies would 
indicate that re-establishment of blood flow through previously ischemic muscle 
is eapable of producing significant hyperkalemia. 

The mean plasma P following ischemic muscle perfusion had risen from 
4.6 to 7.5 mg. per cent. The mean plasma P of the 5 dogs which suceumbed 
was 8.5 mg. per cent (range 6.2 to 9.0) and of the 11 surviving dogs was 6.9 
mg. per cent (range 5.8 to 8.2). The mean plasma P of these 11 dogs was 
6.2 mg. per cent 12 hours postperfusion. It then fell to 5.5 mg. per cent and 
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4.8 mg. per cent at intervals of 36 hours and 4 days, respectively, after cross- 
circulation. Root and his associates‘? demonstrated an increase in inorganic 
phosphate in traumatic shock and postulated the source as the breakdown in 
phosphocreatine following muscle injury. 

Renal Function Studies —GFR of the 11 surviving dogs is shown in Fig. 6. 
The day following ischemic muscle perfusion the GFR was 75 per cent of control 
and 4 days postperfusion it had reached 89 per cent of control. Two weeks fol- 
lowing ecross-circulation it had returned to preperfusion levels. 

The effective RBF (Fig. 6) fell to 59 per cent of control the day follow- 
ing perfusion. Four days postperfusion it was 67 per cent of control and 
at the end of the 2-week period it had returned to 96 of control. There was no 
significant difference in degree of renal function impairment between the normal 


and uninephrectomized dogs. 
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Fig. 5. Fig. 6. 
Fig. 5.—Plasma K and plasma P following perfusion of previously ischemic muscle. 


Fig. 6.—Renal function studies following perfusion of previously ischemic muscle. 


Histologic examination of the kidneys of the 5 dogs expiring after ischemic 
muscle perfusion revealed hydropie tubular degeneration, numerous protein 
‘asts, and peritubular and glomerular vascular engorgement (Fig. 7). The 
kidneys of the surviving dogs, 2 weeks postperfusion, were normal histologically 
except for occasional areas of tubular regeneration. 


DISCUSSION 


The factors responsible for tubular damage in crush syndrome are not com- 
pletely understood. Many authors believe anoxia secondary to renal ischemia 
is the primary etiological factor.*: * * * Powers and his co-workers® demonstrated 
tubular changes associated with increased vascular resistance in crush syndrome, 
and stated that the increased vascular resistance and tubular damage could be 
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obviated by either denervation of the renal pedicle or administration of a ga 
glionic blocking agent. Corcoran and Page? also implicate the precipitation 
hemoglobin and myoglobin in the renal tubules as an etiological factor in ren 
damage associated with crush syndrome, and they produced renal impairmen 





Fig. 7.—Photomicrograph of dog kidney after death, following perfusion of previously ischemic 
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Fig. 8.—Pre-terminal electrocardiogram of dog following perfusion of previously ischemic 

muscle. 


by the injection of bovine myoglobin into acidurie dogs. They demonstrated 
that renal injury was a function of the amount of pigment retained. In our 
experiments, however, there was no obvious impairment of myoglobin excretion 
in spite of a urinary pH of 6.5 or less. 
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The cause of death in the 5 dogs which succumbed was most likely due to 
hyperkalemia. Fig. 8 shows the electrocardiogram (Lead II) of a dog just prior 
to death. Idioventricular rhythm with bradycardia and giant T waves are 
evident. 

It should be mentioned that dextran contains no significant K or P, and, 
in the amounts used herein, causes no functional or histologie alterations in the 
kidney.?” 

Although crush syndrome is uncommon during peacetime, the surgical re- 
establishment of blood flow to previously ischemic limbs may be associated with 
myoglobinuria and hyperkalemia and has been followed by renal insufficiency. 
This is not uncommonly seen after prolonged cross-clamping of the aorta for 
aneurysmal disease and following arterial embolectomy. Thompson and Camp- 
bell?? have demonstrated that it is possible to ‘‘wash out’’ these ischemic muscle 
beds with dextran, and such therapy may occasionally be indicated. 


SUMMARY 


The humoral aspects of experimental crush syndrome were studied by 
eross-circulating intact, acidurie dogs with ischemic hindlimbs of other dogs. 
Plasma and urinary myoglobin and hemoglobin values, plasma potassium and 
phosphorus levels, and glomerular filtration rate and effective renal blood flow 
were determined. Following cross-cireulation, 5 of 16 dogs died with hypoten- 
sion and hyperkalemia, and the kidneys of these dogs showed hydropie tubular 
degeneration and numerous protein easts. The 11 surviving dogs exhibited a 
transient impairment of glomerular filtration rate and effective renal blood 
flow which returned to normal within 2 weeks. 
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RESULTS OBTAINED BY SUPERFICIAL FEMORAL VEIN LIGATION 
H. W. Ketsker, M.D., AND Rate F. Bowers, M.D., MEmMpuis, TENN. 


(From the Surgical Service, Veterans Administration Medical Teaching Group Hospital) 


PPROXIMATELY 30 years ago, Homans* suggested the use of femoral veil 

ligation for the prevention of fatal pulmonary embolus, simply by blocking 
the vein and therefore not allowing the thrombus to break off large enough clots 
to induce the fatal event. He spoke of the ability of the ligation to ‘‘trap’ 
the thrombus. Then followed a wave of enthusiasm for this procedure which 
resulted in preoperative prophylactic ligation when the possibility of thrombus 
formation was thought to be even slightly elevated, particularly in the aged 
or when the patient had previously displayed thrombotic tendency. Although 
ligation of the femoral vein was first performed in 1784 by Hunter* for the 
treatment of suppurative thrombophlebitis, the basic concepts of thrombus 
formation in the legs came much later. Frykholm’® credits Deneke* in 1929 
and Olow® in 1930 with proving that the earliest clinical symptoms of thrombo- 
sis of the lower extremities appear in the sole of the foot and in the calf which 
suggested that these are the initial seats of clot formation. Studies have since 
been done by anatomists and pathologists’ * '! which have shown the presence 
and distribution of clots in the legs and their undoubted relation to pulmonary 
emboli. 

After the introduction of anticoagulant therapy, the pendulum swung 
back to nonoperative therapy because at last a specific clot-forming preven- 
tive medication was available. Presently, it appears to us that a counterbal- 
ance against operation is unwarranted and that too much is expected from 
the use of anticoagulants that cannot be achieved by their use. When one 
peruses the literature, very little objective evidence exists to prove the ef- 
ficaey of ligation, either denoting its ability to prevent death by pulmonary 
embolus or its proclivity to invoke morbid conditions in the ligated legs. In 
other words, has the operation proved to be successful in preventing pul- 
monary embolus and are the permanent morbid conditions of the legs (swell- 
ing, induration, pain, ulceration) too numerous to justify the employment of 
the ligation? Obviously, long-term follow-up studies must be made and re- 
ported if the actual benefit or nonbenefit can be established. 

This paper therefore includes follow-up studies from 2 to 10 years on 124 
patients from a group of 158 patients who had received superficial femoral 
vein ligations. Thirty-eight patients had died of unrelated causes and 34 
patients could not be located. Of the remaining 86 patients, 57 were followed 
by personal interview and examination and 29 were checked by a question- 
naire letter. The findings on these 86 patients constitute the basis for these 
follow-up studies. 
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Ligations were performed as an emergency procedure as soon as clinical 
evidence of phlebothrombosis was apparent, or when the pulmonary embolus 
was thought to have arisen from thromboses in the leg veins, or prophylac- 
tically when venous disease of the legs had appeared in the past or if throm- 
bosis for any reason was thought to be imminent. When anticoagulant ther- 
apy was instituted, ligations were reserved for (1) failures of anticoagulant 
therapy, (2) recurrence of pulmonary embolus or significant venous throm- 
botie disease, (3) when a large granulating area was present, or (4) re-opera- 
tion was planned. The latter indications constitute the practical means of 
decision for operation today. We have added the group of patients who must 
permanently remain on anticoagulant therapy because of leg thrombi and 
continued occurrence of pulmonary embolus. We believe that ligation in this 
group of patients is safer than permanent anticoagulant therapy and certainly 
more convenient for the patient in view of the low mortality and low morbidity 
rate following the ligation. 

Bilateral ligations were done under local anesthesia, using a vertical in- 
cision which parallels the course of the superficial femoral vein. Except for 
a few instances in our early experience, the vein was opened, the clot evac- 
uated, suction applied, and a backflow established before ligation and transec- 
tion were accomplished. Nearly all veins were transected as well as ligated. 
In 8 patients, one-sided ligations were performed early in the experience. 
Two ligations were done on the common femoral instead of the superficial 
femoral vein. In each instance, the operator found clots in the superficial 
femoral vein on one side and ligated the common femoral vein in an attempt 
to place the ligation above the clot. 


RESULTS 

Mortality —There were two deaths in 158 patients who had 308 ligations, 
a mortality rate of 0.65 per cent per ligation and 1.3 per cent per patient. 
One patient died 7 hours postoperatively from the pulmonary embolus which 
placed the patient in a very critical condition before the operation. Another 
patient died on the tenth postoperative day. Autopsy showed thromboses in 
the prostatic plexus as well as a myocardial infarction with mural thrombi. 

Postligation Emboli.—The ligations failed to stop the lethal processes in 
the patients who died 7 hours postoperatively and on the tenth postoperative 
day. As far as we could ascertain, no patient died of pulmonary embolus in 
the 124 patients who survived the operation. We do not know whether any 
of the 34 unlocated patients experienced pulmonary embolus. However, 124 
patients appear to be a large enough series to at least suggest something worth- 
while about the ability of this procedure to prevent fatal pulmonary complica- 
tion. 

Three patients who had had femoral vein ligations demonstrated non- 
fatal pulmonary emboli 3 months, 7 months, and 4 years postoperatively, re- 
spectively. Vena cava ligation in these 3 patients prevented any further pul- 
monary incidents. Observations on 4 other patients suggest postligation pul- 
monary infarets 3 months, 4 months, 5144 years, and 8 years postoperatively, 
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respectively. If these last 4 patients actually experienced emboli, they wer 
of course not fatal and there has been no subsequent event suggesting pul 

monary episodes. Therefore, 4 and possibly 7 patients of 124 developed no1 

fatal pulmonary emboli and were correctable either by caval ligation or b; 

spontaneous cessation of embolic phenomenon. These observations tend t 
substantiate Homans” original view, namely, that if emboli appear after fem 

oral vein ligation, they would probably be so small that the lung should sw 

vive the insult. 

Morbidity.— 

Swelling: Severe swelling was arbitrarily assigned to patients with e1 
larged legs, edema, historical verification, or measured difference of one inch 
or more in the two legs. Thirty-eight patients revealed no swelling by observa- 
tion, history, or measurement. The swelling was mild in 38 cases and severe 
in only 10 eases. All but a few of these patients, however, stated they expe- 
rienced no difficulty when walking distances as great as a mile or two. Many 
writers” '° indicate the belief that ligations of the common femoral and external 
iliae veins are accompanied by a greater incidence of swelling and other un- 
favorable sequelae. 

Pain: Pain was found to be relatively unimportant which surprised us. 
We found that pain was significant only if ulceration or severe swelling of the 
leg was present. Actually, there is often a feeling of ‘‘leg euphoria’’ in the 
postphlebitic leg when walking is done in moderation, but the words ‘‘relief of 
tightness,’’ ‘‘tenseness,’’ and ‘‘contractions’’ were referred to rather than pain 
itself. 

Ulcer: Only 10 leg ulcers were found. Five of these ulcers are known to 
be small. Three of these patients had ulcers prior to the ligations. Therefore, 
7 uleers may be said to follow the ligations. 

Induration: Induration was present only where there was severe swelling 
or when associated with ulcers. It is much less commonly seen than in the 
patients with caval ligation, but so is the swelling." 

Ability to Work.—This was easy to establish after caval ligation,’ but 
difficult after femoral vein ligation. Of the patients with ligations who were 
able preoperatively to work normally, only two were disabled enough that they 
could not resume a gainful occupation. 


DISCUSSION 


It is possible that these favorable results are due to the dispatch created 
by early operation in these patients. When the usual midline leg tenderness 
(slight or otherwise) often accompanied by mild tachyeardia and low tempera- 
ture elevation were discovered, plans for emergency ligation under local anesthe- 
sia were set immediately and the operation was not delayed to ascertain what 
might happen if observed longer. We consider the operation too small and the 
sequelae too few to fear operation upon an occasional nonphlebothrombotie pa 
tient which may have happened infrequently. The sequelae appeared to us to 
be more numerous and severe when thrombosis and infection were in the more 
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severe stages as to intensity and length of time. If pulmonary embolus was 
clinically suspicious even though not always proved, we did not wait. When 
thrombophlebitis was present with high temperature elevation and ‘‘red hot 
phlebitis’? was obvious, we did not ligate, but if the inflammation was mild and 
the morbid process was evident ligation was immediately performed. 

It has been observed by all staff members that chest pain due to pulmonary 
embolus was decreased sometimes immediately after ligation, often within 1 to 
24 hours postligation, and this was so prominent that sedatives used preopera- 
tively often were unnecessary several hours after operation. Perhaps this 
means that the lungs have been almost continuously bombarded by many small 
emboli, most of which cease when proper ligation has been performed. 

It should be emphasized that a staff alert in detecting calf thrombosis made 
the decisions to ligate. Four or five surgeons, and sometimes as many internists, 
contributed to the decision-making in nearly all cases. Arthritis, spontaneous 
rupture of the plantaris and gastrocnemius muscles, and superficial phlebitis 
were the main offenders differentially. Muscular stiffness after cast removal was 
sometimes disconcerting. But we did not tarry if the suspicion was clinically 
apparent. Common sense dictates that poor results will increase the longer one 
waits, as in our 7-hour postoperative death. 

As to leg morbidity, the deleterious effects are by and large seen in those 
patients demonstrating swelling and severe phlebothrombosis or thrombophlebitis 
before the present operation-demanding episode. Therefore, mortality should be 
lowered and morbidity lessened if the ligations are performed early. 

Very likely, we employ femoral vein ligation more often at Kennedy Hos- 
pital than many other large clinics, and our success with the procedure and ease 
of performance are largely responsible. 

Superficial femoral vein ligation is used by us if phlebothrombosis is pres- 
ent or strongly suspected: (a) When anticoagulant therapy for any reason 
cannot be given (for example, when there are large granulating areas as in the 
ease of a patient with third-degree burn whose granulations have a tendency to 
bleed rather freely, opened abscess cavities, blood dyerasias, and so forth), or 
when early re-operation is necessary (for example, when phlebothrombosis occurs 
following colostomy for resectable carcinoma of the sigmoid and resection is 
contemplated with the earliest possible dispatch). (b) When proper anticoagu- 
lant therapy fails (now only occasionally seen). (¢) When prompt return of the 
phlebothrombosis or thrombophlebitis occurs after cessation of anticoagulant 
therapy for a reasonable period of time. In this latter instance, this patient is 
probably demonstrating the so-called thrombosing diathesis and will need con- 
tinuous control by anticoagulants which is bothersome, costly, and believed by 
many to be dangerous. The operation is too simple and noninjurious to be 
denied a patient in this category. 

If ligation and postligation anticoagulant therapy fail to stop embolic epi- 
sodes in the ease of leg thrombosis as the causative agent, we recommend vena 
cava ligation as soon as pulmonary emboli are clinically detected. 
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SUMMARY 


1. Follow-up studies are presented on 308 femoral vein ligations in 15 
patients. 

2. The operation was done to prevent fatal pulmonary embolus when th 
site of thrombosis was regarded clinically to be located in the leg veins. 

3. Mortality rate was 1.3 per cent. 

4. Comments are made regarding unfavorable sequelae and the abilit. 
of the patient to walk. 

5. No patient died of pulmonary embolus who survived the operation. 

6. Vena cava ligation gained ultimate control in 3 patients who could not 
be controlled by femoral vein ligation, even when anticoagulant therapy wa: 
added. 

7. Femoral vein ligation appears to be safe, has low mortality and mor 
bidity rates, and in our hands has not been followed by fatal pulmonary em- 
boli. 


TABLE I. GENERAL CLASSIFICATIONS OF CONDITIONS LEADING TO THROMBOSIS 


NUMBER OF | 











PATIENTS 
Operations or trauma involving legs 22 
Operations or trauma not involving legs 96 
Other conditions (including chronic thrombophlebitis) 40 
Total 158 





TABLE II. PREOPERATIVE SIGNS AND SYMPTOMS INDICATING LIGATION 











SIGN OR SYMPTOM | NUMBER 
Pain 128 
Swelling 92 
Pulmonary embolus 62 
Uleer 6 
Induration 4 





TABLE III. SEQUELAE AND FOLLOW-UP TIME IN 86 PATIENTS 








| TIME IN YEARS 








2 70 5 | 6 TO 9 | 10 AND OVER | TOTAL 
No swelling 17 10 1] 38 
Mild swelling 20 9 9 38 
Severe swelling 4 2 4 10 
Total patients 4] 21 24 86 
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TISSUE PRESSURE AND VASOCONSTRICTOR INFLUENCES IN THI 
ISCHEMIC KIDNEY OF MAN AND DOG 


Stacey B. Day, L.R.C.P., L.R.C.S. (IRELAND), AND LERNER B. HINsHAw, PH.D 
MINNEAPOLIS, MINN. 


(From the Departments of Surgery and Physiology, University of Minnesota) 


NDER normal conditions in the intact and in the isolated kidney perfused 

with homologous blood, renal blood flow remains relatively constant over a 
limited range of increase in arterial pressure (80 to 180 mm. Hg). Since this 
property is independent of both extrarenal nervous and hormonal control, the 
phenomenon has been described as autoregulation. In effect, in the face of large 
changes in arterial perfusing pressure the vascular resistance of the kidney does 
not fall or remain constant as in other organs, but is observed to rise to varying 
degrees. Earlier studies* ® have indicated a fundamental relationship between 
renal interstitial pressure and renal vascular resistance. The present study 
explores further vasoconstrictor influences upon tissue pressure in the renal 
ischemic animal. 

Data reporting direct interstitial pressure values recorded in the kidney 
of man at the time of surgical exploration are presented. Such information 
has not been previously recorded to our knowledge. 


METHODS 


Measurement of Renal Interstitial Pressure —Direct measurements of renal 
interstitial pressure have been recorded by a method modified from that sug- 
gested by McMaster.’ Details have been reported.’ * 

The Isolated Perfused Kidney Preparation—The perfusion cireuit, in 
which a lung was arranged in series with a Sigmamotor pump and kidney, was 
assembled as illustrated in Fig. 1. In each experiment lungs and kidney were 
obtained from separate animals. Precise details of the system have been de- 
seribed.* ® 

Data Obtained.—Using a Statham strain gauge and direct writing four 
channel Sanborn Poly-Viso recorder, arterial pressures, interstitial pressures, 
and changes in kidney weight were continuously monitored following changes 
in arterial perfusion pressure. Venous outflows were obtained by means of a 
graduated cylinder and stopwatch. Initial rapid changes in kidney weight 
when perfusion pressure was increased were an index of vascular volume in- 
creases. Pressure-flow and vascular volume curves were plotted from arterial 
pressures of about 45 to 350 mm. Hg in stepwise fashion of 25 mm. Hg at a 
time. 

Supported in part by grants from His Highness, Aga Khan: The Graduate School, Uni- 
versity of Minnesota, and by The Donald J. Cowling Fund for Surgical Research. 
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Number 
Approximately 2 minutes at each pressure level was necessary to obtain 
pressure-flow data. 
PREPARATIONS INVESTIGATED 


Goldblatt Preparations——Ten adult mongrel dogs (body weight, 10 to 25 
Kg.) anesthetized with sodium pentobarbital (30 mg./Kg.) were used. Twelve 
weeks prior to the renal study, laparotomy was performed through an anterior 
abdominal wall incision, utilizing sterile technique. The main left renal artery 
was partially constricted with a cellophane tape impregnated with dicety]l 
phosphate.* The animals with such experimental preparations designed in 
part to provoke hypertension were quartered under standard kennel conditions. 
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Fig. 1—Diagram of isolated pump-lung-kidney preparation as used in these studies. 


At final laparotomy with femoral artery pressures continuously monitored on a 
Sanborn Twin-Viso apparatus renal interstitial pressure measurements were 
recorded in both the ischemic and contralateral kidneys of these dogs. In three 
of the preparations the contralateral unligated kidney was isolated and perfused 
as deseribed.* Two additional isolated perfused kidney preparations from nor- 
mal dogs were investigated after the production of severe renal ischemia by 
the addition of Adrenaline (600 y) to the circulating blood (1.5 L.) in the 
perfusion circuit. 


oan *Such bands may be made by dusting dicetyl phosphate powder on a length of cellophane 
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Control Preparations—Data for normal isolated perfused dog kidne; 
using the same method and apparatus have been reported.* Additional contr 
data in 10 dogs were obtained on renal interstitial pressure in vivo in norm: 
mixed mongrel dogs, and in 3 “sham” animals in which the left renal arte: 
was dissected after laparotomy but left unligated 3 months prior to final exan 
ination. No appreciable differences were recorded for values measured in thes 
animals as compared to normal unoperated controls. 

Tissue Pressure Values in the Human Kidney at Operation.—Under coi 
pletely sterile conditions renal interstitial pressure measurements were made ; 
the time of operation on 4 patients undergoing laparotomy. In all eases t! 
patients were anesthetized using a general anesthetic. In one instance onl 
(Case 4) was there preoperative evidence to indicate limitation of normal renal 








function. 
RESULTS 

Direct interstitial pressure measurements recorded in the kidney of dog 
and man are summarized in Tables I and II. Figs. 2, A and 3, A show the 
results obtained from normal control isolated pump-lung-kidney perfusion 
preparations.* Fig. 2, A presents the relationship between tissue pressure and 
renal blood flow. The initial and final arterial pressures are recorded for each 
curve. Data indicating the relationship between changes in ealeulated renal 
vascular resistance and tissue pressure are demonstrated in Fig. 3, A. It should 
be noted that as the total organ resistance increases there is a continual rise in 
tissue pressure in linear fashion. 

For comparison the experimental data studying the ischemic kidney prep- 
arations are presented in Figs. 2, B and 3, B. Results observed demonstrate no 











TABLE I, RENAL INTERSTITIAL PRESSURE VALUES RECORDED IN EXPERIMENTAL STUDIES 
a -————«dL) ss NUMBER OF TISSUE RANGE OF RENAL | ANESTHETIC 
EXPERIMENTAL PRESSURE |INTERSTITIAL PRESSURE| (30 MG./Kg. BODY 
STUDY DETERMINATIONS (MM. Hg) | WEIGHT ) 
Normal control dogs 20 10.3 to 40.0 Nembutal 
Determinations in (Mean 19) 
10 animals 
Goldblatt test dogs 30 1.0 to 14.2 Nembutal 
Determinations in (Mean 3 to 4) 


10 animals 








TABLE II. RENAL INTERSTITAL PRESSURE VALUES RECORDED IN THE HUMAN KIDNEY 
AT EXPLORATORY LAPAROTOMY 








| SYSTOLIC PRESSURE 
(MM. Hg AT 
| MOMENT OF 








CASE | RECORDING RENAL INTERSTITIAL PRESSURE | ANESTHETIC 
NO. | R.1.P.) l | 2 | 3 | MEAN | AGENT USED 
1 120 3.5 2.0 2.0 2.75 P.F.N,O” 
2 150 4.0 4.5 6.0 4.8 P.F.N,O 
3 130 2.0 2.0 2.0 P_F.N,O 
+ 170 13.0 13.0 13.0 13.0 P.F.N,O 





*P.F.N20 = Pentothal, Flaxedil, and nitrous oxide. 
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significant difference between control and experimental studies in the relation- 
ship between tissue pressure and renal ariery perfusion pressure, and renal 
blood flow in relation to renal artery pressure. Observations relating resistance 
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Fig. 2,—A, Renal blood flow and tissue pressure in the isolated perfused dog kidney (five 





control experiments). Individual experiments are numbered 2 through 6. The arrow on each 
curve indicates the point immediately prior to the beginning of autoregulation of blood flow. 
Initial and final renal artery pressures are also recorded for each curve. B, Relationship between 
renal blood flow and tissue pressure in Goldblatt preparations. Compare with control studies. 


3 
to tissue pressure (Fig. 8, B) indicate noticeable differences between normal 
control and experimental Goldblatt kidney preparations, particularly in the 
absence in the ischemic kidney studies of the characteristic fall in resistance 
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prior to the onset of autoregulation noted in every control perfusion stud. 
Further, the Goldblatt animals exhibit the phenomenon of autoregulati 
through a very wide range of renal artery pressures not hitherto recorded. TT! 
effects of epinephrine on tissue pressure and autoregulation of renal blood flo 
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Fig. 3.—A, The relationship between changes in calculated over-all renal vascular resist- 
ance and increases in renal tissue pressure (four control expériments). Experiments on 
individual kidneys are numbered 3 through 6 and correspond to numbers on previous figures 
(Fig. 2, A). B, Relationship between over-all renal vascular Resistance and tissue Pressure. 
Goldblatt preparations presented in Fig. 2 B. Note increasing resistance at renal artery per- 
fusion pressures in excess of 300 mm. Hg. Compare with control studies. 








in the isolated kidney are illustrated in Figs. 4 and 5. It is seen that both 
tissue pressure and kidney weight decrease rapidly coincident with the rise 1m 
arterial pressure provoked by the epinephrine. 
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Although not discussed in detail in the present report we have similarly 
noted a significant fall in tissue pressure concomitant with a rise in arterial 
perfusing pressure in vivo when normal control dogs have been given in- 
travenous Adrenaline. 


ISOLATED KIDNEY WITH EPINEPHRINE 
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Fig. 4.—Vascular volume increases, over-all renal vascular resistance changes, renal 


blood flow, and tissue pressure responses in an isolated perfused kidney obtained from a normal 
dog before and after a single injection of 600 y epinephrine to the circulating blood. 
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DISCUSSION 

Several observations derive from these studies. Of note, findings in two « 

the three isolated perfused kidneys from the Goldblatt preparations indica 
that in these cases autoregulation of renal blood flow may occur through 
more extensive range than had previously been reported. It is characteris 
of the control studies that, when renal blood flow is plotted against renal art: 
perfusing pressure, the general relationship is a curve concave to the pressu 
axis below 80 mm. Hg and convex to the pressure axis above 180 mm. II 
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Fig. 5.—Renal blood flow, renal artery pressure, tissue pressure, and kidney weight 
changes in response to a single injection of 600 y epinephrine to circulating blood in pump-lung- 
kidney preparation from a normal dog. Note the decrease in kidney vascular volume (reflected 
by weight loss) and renal tissue pressure concomitant with the increase in renal artery perfus- 
ing pressure in response to epinephrine. 





Shipley and Study,* perfusing normal dog kidneys through the range of 20 to 
320 mm. Hg for periods of 7 to 10 minutes at each pressure level, reported this 
range of autoregulation. The present data clearly indicate, however, that in 
the case of two of the three contralateral unligated kidneys of the Goldblatt 
preparations renal vascular resistance was still rising when these kidneys were 
perfused with homologous normal blood at a pressure of 350 mm. Hg. It is not 
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possible to attribute this property solely to the hypertensive state provoked in 
the animals by the Goldblatt procedure. There has been argument as to what 
constitutes experimental hypertension in the dog.’ By established criteria, how- 
ever, blood pressure values of 250/180 mm. Hg with a mean pressure of 210 as 
in one study cited here falls outside normal ranges of pressure for the dog. It 
is to be noted that transverse histologie sections of kidneys from these experi- 
mental animals did not reveal the arteriolar intimal obliteration characteristic 
of hypertensive disease in man. The absence of the characteristic normal fall 
in resistance prior to the onset of autoregulation in these same kidneys would 
suggest that the responses noted may be due in part to vessel structure changes 
in the Goldblatt kidneys by virtue of which they are less well able to distend. 
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Fig. 6—Frames from continuous Poly-Viso recording of renal artery pressure, renal 
tissue pressure, and kidney weight changes during perfusion of contralateral unligated kidney 
of a Goldblatt preparation. Note absence of autoregulation. There was no rise in tissue pres- 
sure in this preparation. 


The third Goldblatt preparation merits mention. The reverse of autoregulation 
is demonstrated in Fig. 6, for concomitant with an increase of renal arterial 
perfusing pressure there is an observed decrease in over-all renal vascular re- 
sistance. Clearly the kidney in this experiment appears to be dilating passively 
with inerease in perfusing pressure while the renal interstitial pressure remains 
essentially constant. 

With respect to those experiments in which normal isolated kidneys were 
perfused with blood to which 400 to 600 y of Adrenaline had been added, the 
prompt vasoconstriction accompanied by an immediate rapid fall in kidney 
weight, the marked decrease in renal interstitial pressure coincident with a rise 
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in arterial perfusion pressure, and the decrease in renal blood flow and su; 
pression of urine flow are apparent in Figs. 4 and 5. In relation to the effe 
of epinephrine on tissue pressure and autoregulation of renal blood flow, thi 
preparations demonstrate normal responses to increase in arterial pressure pri 
to the injection of epinephrine. The sharp rise in renal vascular resistan 
following epinephrine administration has been emphasized previously. In ; 
probability this effect is to be explained on the basis of increased resistance in 
the renal arterial bed. 

As noted, a decrease in renal tissue pressure has similarly been demon 
strated in the intact animal during severe renal ischemia induced by the 
travenous injection of Adrenaline. Such renal changes may be in part thie 
reason for the low renal interstitial pressures observed in the intact kidney of 
man at operation. The present data available for man during inhalation anes- 
thesia indicate that renal plasma flow and filtration rate may be eut by one-half. 
It is worthy of emphasis, moreover, that during the surgical trauma involved 
with laparotomy severe renal constriction is known to occur.’ It is of interest 
that the reduced interstitial pressure values reported for both the ischemic and 
contralateral kidneys of the Goldblatt preparations are consistent with the view 
that there is a circulating vasopressor factor in this form of experimental 
hypertension. These experiments have shown that, if “normal” blood is used 
in the perfusion of kidneys from hypertensive dogs, tissue pressure values are 
not low as in the kidney in situ, but on the contrary they may be within normal 
range. If epinephrine is added to the perfusate, however, tissue pressure values 
become depressed. 

SUMMARY 


The action of vasoconstrictor influences upon tissue pressure and auto- 
regulation of blood flow in the isolated blood-perfused kidney of normal and 
renal ischemic dogs has been explored. Observations on renal interstitial pres- 
sure recorded in the kidney of man at the time of surgical exploration are 
presented. 

Results present evidence for a wider range of autoregulation of renal blood 
flow (80 to 350 mm. Hg) than has heretofore been recorded. Tissue pressure 
measurements in the ischemic kidneys of man and dog present uniformly low 
resting values. 

Evidence is presented to support the thesis that the Goldblatt type of ex- 
perimental hypertension is essentially humoral in nature. 

We are grateful for the advice of Drs. M. B. Visscher and O. H. Wangensteen in the 


preparation of this study. Appreciation is expressed to Dr. H. D. Root for his aid in the 
clinical investigations. 
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THE EFFECTS OF LOWER AORTIC OCCLUSION ON RENAL 
FUNCTION IN THE DOG 


JoHN A. GaGNnon, M.S., Donatp A. Bout, M.D.,* RoBert W. CLARKE, PH.D 
AND ErvinG F. Grever, M.D., Pu.D., WaAsHtneton, D. C. 


(From the Department of Surgical Metabolism and Physiology, Division of Surgery, Walt: 
Reed Army Institute of Research, Walter Reed Army Medical Center) 


NEURYSMECTOMY of the lower abdominal aorta is now a widely em- 
ployed surgical procedure. Since the involved cross-clamping of the aorta 
is below the renal arteries one would not anticipate any serious renal complica- 
tions. Reeently, however, Powers, Boba, and Stein’® observed distal tubular 
necrosis in dogs to be a significant complication following occlusion of the ab- 
dominal aorta. Profound decreases in urine flow and renal blood flow were also 
observed. Following denervation of the kidney or administration of Arfonad, 
however, aortic occlusion no longer depressed renal functions. 

Renal failure, following lower aortic occlusion, has also been encountered 
at the Walter Reed Army Hospital. In one patient, Arfonad hypotension had 
been employed. A postoperative increase in the urinary Na/K ratio seems to be 
characteristic of those patients developing renal failure following lower aortic 
occlusion. 

In an effort to produce this syndrome for experimental study in animals, 
the lower aorta of dogs, in varying states of hydration, was occluded for 1 to 3 
hours. 


METHOD 


Studies were performed on 15 female and 2 male mongrel dogs. The state 
of hydration, prior to occlusion, was varied by one of several means: preopera- 
tively a water or saline load via gastric tube (40 ml. per kilogram), water ad 
libitum or deprivation of water for 24 hours, or 5 per cent dextrose in water by 
vein during the surgery (5 ml. per minute). 

All animals were anesthetized with sodium pentobarbital (30 mg. per kilo- 
eram) and usually small supplementary doses were given as needed during 
subsequent gaps in the urine collection periods. Either a midline abdominal 
incision or flank incision was made and the aorta was exposed immediately below 
the origin of the left renal artery. At this time a short length of umbilical tape 
was loosely placed arcund the aorta at the desired point of occlusion to facilitate 
clamping. In those experiments in which the glomerular filtration rate and 
renal plasma flow were measured, the abdominal incision was temporarily closed 
with several Michel clips, and clearance periods obtained prior to, during, and 
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alter clamping. <A fine polyethylene catheter was installed in the left foreleg 
vein for the infusion of the priming and sustaining solutions of creatinine and 
para-aminohippurie acid (PAH). Priming solutions were given rapidly through 
the eatheter, the amounts of creatinine and PAH being calculated to raise the 
plasma concentration to the desired levels. Infusion of a sustaining solution 
calculated to provide each solute at a rate equal to its expected rate of excretion 
was then started. Renal venipuncture with a No. 21-gauge needle was per- 
formed on 2 animals before and after the aortic occlusion and, simultaneously, 
arterial blood samples were drawn for PAH extraction ratio determinations. 

A polyethylene catheter was inserted into the right carotid ariery for the 
measuring of mean arterial blood pressure and to obtain arterial blood samples. 
A second polyethylene catheter was placed in the right foreleg vein of 2 animals 
for the administration of Arfonad. A 20 mg. per cent solution of Arfonad, 
prepared in 5 per cent dextrose in water, was administered as slow drip regu- 
lated so as to maintain the mean arterial pressure at approximately 100 mm. Hg. 

Two experiments were conducted in which the renal vein was cannulated 
with a glass T tube in order to measure blood flow, and the left ureter was 
cannulated for the collection of urine separately from that from the right kid- 
ney. Prior to clamping the aorta of these 2 animals, 500 ml. of 5 per cent dex- 
trose in water was administered by vein over a period of 114 to 2 hours to 
increase the urine flow. Sodium and potassium were determined in urine 
samples of 8 animals. The analytical methods are those used previously in this 
laboratory and deseribed in detail by Ladd, Liddle, and Gagnon’ except that 
PAH was assayed by the method of Brun? on trichloracetie acid filtrates. 

The aorta was occluded approximately 1 em. below the origin of the left 
renal artery with an atraumatie arterial clamp and the incision temporarily 
closed. After a period of 1 to 3 hours the clamp was removed and two or three 
additional clearance or urine periods were obtained during the next hour. 

The incision was closed in layers and the animal returned to a metabolic 
eage. No food or water was offered until the following day. Penicillin and 
streptomycin were administered intramuscularly for several days postopera- 
tively. Urine volume, specific gravity, and albumin determinations were made 
and recorded daily. Animals were sacrificed from 2 to 52 days postoeclusion. 
The kidneys were fixed in buffered 10 per cent formalin for pathologie examina- 
tion. Prior to sacrificing, a blood sample was taken for the determination of 
blood urea nitrogen on one group of 8 animals. 


RESULTS 


Occlusion of the aorta below the renal arteries for 1 to 3 hours in the first 
group of 8 animals in which only the urine flow was observed showed that there 
was on the average a slight transient decrease in the urine flow following ap- 
plication of the clamp although the flow was quite variable. The flow increased 
in one animal, fell sharply in 2 others, and remained fairly constant in the 
remaining experiments. Never was there complete cessation of flow (Fig. 1). 
All animals excreted a normal volume of urine the following day. Concentra- 
tion varied with the pre-existing state of hydration. Those animals infused 
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with 5 per cent dextrose during the experiment exereted a large volume of uri 
of low specific gravity but on subsequent days it was normally concentrat: 
Those deprived of water and those given a saline load excreted low to norn 
volumes of good concentration the following day. Only 2 animals had albun 
nuria but it did not persist longer than one day. All animals in this group w 
sacrificed from 6 to 23 days postoeclusion in apparently good health. 
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Fig. 1.—The effects of lower aortic occlusion on the urine flow of 7 animals in different 
states of hydration. 
: Fig. 2.—The effect of 2 hours of lower aortic occlusion on the glomerular filtration rate 
in 5 animals. 


In the second group of experiments, comprised of 5 animals in which the 
glomerular filtration rate (C.,) and renal plasma flow (Cpay) were measured 
before, during, and following a 2-hour period of occlusion, a significant reduc- 
tion in those functions was observed within the first hour of occlusion (Figs. 2, 
3, and 4). Despite these rapid decreases, return to control or near control 
levels while the acrta was still occluded was noted in 4 of the 5 animals. The 
fifth animal, in which the renal vein was needled with some technical difficulty 
for the purpose of obtaining extraction ratios, experienced depressed renal fune- 
tions. This animal, however, was excreting a normal volume of concentrated 
urine by the second day. The left kidney of both animals on which extraction 
ratios were obtained was removed at the completion of the experiment because 
of persistent bleeding from the needling sites. All animals in this group ex- 
ereted normal volumes of urine of good concentration for 2 to 28 days at which 
time they were sacrificed. Blood urea nitrogen determinations were never ele- 
vated in these dogs. 

In order to determine what effects Arfonad might have on the acute rena! 
changes, two additional experiments were carried out in which this ganglion- 
blocking agent was infused prior to and during the aortic cross-clamping, at 
rate sufficient to depress the arterial blood pressure to approximately 100 mm 
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Numbe 

Hg. The Arfonad appeared to modify the renal functional deficits. One ani- 
mal experienced no decrease, while the second animal displayed a moderate 
fall in both filtration rate and plasma flow (Fig. 5). The rate of infusion 
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Fig. 3.—The effects of 2 hours of lower aortic occlusion on the renal plasma flow and 
mean arterial blood pressure in 5 animals. 
' Fig. 4.—The effect of 2 hours of lower aortic occlusion on the urine flow of 5 animals 
in different states of hydration. 
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Fig. 5.—The effects of Arfonad on the glomerular filtration rate, renal plasma flow, 
and mean arterial blood pressure following occlusion of the lower aorta. 
Fig. 6.—The effect of Arfonad on the urine flow following occlusion of the lower aorta. 


of Arfonad in the latter animal may not have been sufficient to completely 
block impulses to the kidney. The fact that the blood pressure response during 
the period of occlusion was not as great as in the first animal lends support 
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to this possibility. There was no depression of urine flow but instead an i 
erease in flow during the period of occlusion (Fig. 6). No significant chan 
in the urinary Na/K ratio was observed as a result of clamping, although 
slight decrease in the ratio occurred following administration of Arfonad. 

In the two experiments in which renal blood flow was measured direct 
from the renal vein, the blood flow decreased to approximately 60 per cent 
control within the first 30 minutes but by the end of the first hour of occlusi 
had returned to control or slightly above control flows in both animals. The 
following day both animals excreted normal volumes of urine and on the second 
day they excreted large volumes (416 ml. and 780 ml.). Before being sacrificed, 
the animals were infused with 500 ml. of 5 per cent dextrose which increased 
their urine flows to 0.99 and 0.75 ml. per minute. 

No changes related to occlusion could be demonstrated by histologic ex- 
amination of these kidneys. In more than half of the kidneys examined, mod- 
erate-to-severe chronic, granulomatous, interstitial nephritis and one case of 
chronic nonspecific pyelitis were observed. Focal cortical fibrosis was also ob- 
served in kidneys of 2 dogs, one of them removed 52 days postoceclusion and the 
‘other the day of the experiment. Acute, diffuse, congestive edema was observed 
in the kidneys of the 2 animals in which 500 ml. of 5 per cent dextrose was in- 
fused at the time of cross-clamping and again before sacrificing. 


DISCUSSION 


Decrease in renal blood flow secondary to eress-clamping of the aorta below 
the renal arteries, in the demonstrated absence of arterial blood pressure changes 
(and presumed constaney of inferior caval pressure), indicates an increase in 
the vascular resistance which may be diminished or eliminated by the intra- 
venous infusion of Arfonad. However, since renal vasoconstriction was found 
to be very transient in the absence of Arfonad, the need for this blocking agent 
in protecting the kidneys under the conditions of this experiment did not arise. 

The decrease in urine flow usually observed during the aortie occlusion 
paralleled the changes in filtration rate and generally increased after release 
of the clamp also (Fig. 4). The urine flow in those animals which did not im- 
mediately respond to the release of the clamp probably returned shortly after 
the return of the dog to its eage as judged by the volume of urine collected the 
next day. 

In order to avoid the traumatic procedure of cannulating the renal vein 
for the measuring of renal blood flow, which necessitates the oeclusion of the 
renal artery for several minutes, we measured the clearance of para-amino- 
hippurate. We felt justified in the use of this method as a valid measure of 
renal plasma flow after observing no change in the extraction ratio during 
aortic occlusion. The fact that the Cpay returned to control levels during the 
period of oeelusion and that the extraction of PAH was not reduced indicates 
that there was no significant tubular seeretory impairment. 

The reason for varying the state of hydration stems from the fact that it 
is easier to produce experimentally renal insufficiency in a dehydrated ani- 
mal.® * 14. In this study, the state of hydration did not appear to influence the 
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renal functions although, in those 2 animals in which 500 ml. of 5 per cent 
dextrose was infused, severe hydropie changes in the kidneys were observed. 
It has been suggested that rapid infusion of large amounts of 5 per cent dex- 
trose may produce hydropie degeneration of the tubules. 

Caution must be exercised in ascribing microscopic abnormalities to aortic 
occlusion as there is a high incidence of focal disease in the so-called normal 
dog kidney. 

In the light of the findings observed in this study it is diffieult to attribute 
pathologie changes in the kidney to aortie ceclusion alone. A number of 
workers” * © have shown that although transient anuria or oliguria may be pro- 
duced by stimulation of the renal nerves producing marked depression of renal 
blood flow, the flow returns to prestimulation values in one to 2 hours despite 
continuous or interrupted electrical stimulation. 

The sudden but very transitory increase in arterial blood pressure at the 
origin of the renal arteries upon occlusion of the lower aorta, together with local 
irritation from the clamp itself, appears to provide a stimulus sufficient to cause 
vasoconstriction for a limited period of time. This period of increased vascular 
resistance does not persist long enough to produce renal failure. The fact that 
the blood flow and glomerular filtration were observed to return to control levels 
while the aorta remained occluded appears to indicate that clamping per se 
is not injurious to the kidneys of healthy animals. 

In the human being, occlusion of the aorta is commonly incidental to repair 
of a distal portion of the arterial system damaged by vascular disease, there- 
fore there may be additional factors leading to renal failure not present in the 
healthy organisms. Small atheromatous plaques in the aorta and renal arteries, 
dislodged during the manipulation of the aorta or application of the clamp, have 
been found to produce acute emboli within the kidney.” 

It is possible that aortic contusion associated with clamping produces vas- 
cular spasm resembling that seen in crushing injuries to peripheral arteries; how- 
ever, if tourniqueting of the hind limbs of dogs can be thought of as producing 
comparable crushing injuries to peripheral arteries, then the resulting changes 
are probably due to a combination of several factors and not to a reflex vascular 
spasm alone. Corcoran, Taylor, and Page*® have shown that the renal vaso- 
constriction of nervous origin accounts for only a small proportion of the renal 
ischemia which follows tourniquet application. In this laboratory, we® have 
observed a significant fall in renal plasma flow and glomerular filtration follow- 
ing application of pneumatic venous occlusive tourniquets to the hind limb of 
dogs but these values returned to near control levels before the tourniquets were 
removed. Since this procedure was not very severe (we produced only minimal 
swelling of the limbs), it was possible to observe these transient renal changes 
before they became masked by the subsequent changes of hemoconcentration, 
circulating humoral vasoccnstrictor substances, and possibly other factors. 

We conclude that lower aortic occlusion distal to the renal arteries does not 
in itself produce renal insufficiency in the normal dog. Other factors than the 
hemodynamic and reflex effects of aortie occlusion are, therefore, probably re- 
sponsible for renal failure in human beings following distal aortie surgery. 
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SUMMARY 


Cross-clamping of the lower aorta immediately distal to the origin of tl! 
renal arteries for 1 to 3 hours was found to produce transient changes in ren: 
functions in pentobarbitalized dogs. The filtration rate and plasma flow we 
reduced about one half upon occlusion of the aorta but these functions return: 
to control levels before the clamp was removed. The intravenous infusion « 
Arfonad diminished these transient renal deficits. 


All animals were sacrificed from 2 to 52 days postocclusion with no ey: 
dence of renal insufficiency. Histologic examination of the kidneys showed 
changes related to aortie occlusion. 
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DIAGNOSIS AND SURGICAL TREATMENT OF CONSTRICTIVE 
PERICARDITIS 


Pror. F. G. Uauov, LEninGRAD, U. S. S. R. 
(From I Medical Institute, Leo Tolstoy Street 6-8, Leningrad, U.S. S. R.) 


T IS believed that the incidence of constrictive pericarditis is much more 
frequent than is supposed. The data reported by Gerke® have given strong 
support to this idea. At postmortem examination of 525 specimens, he has 
found only 36 per cent of instances of constrictive pericarditis diagnosed in life. 
The etiology of this disease is varied. According to the data presented by 
Bogoslovsky,’ in 139 of a total of 233 patients the etiology was unknown; a 
tuberculous process was noted in 72, pneumococcus in 9, posttraumatic in 3, and 
after general infection in 8. 

The results obtained have confirmed the impression that histologic exam- 
ination of the pericardium resected during the operative procedure is not al- 
ways of value in solving the problem of the causative factor of this distress. 
Furthermore, it is well known that negative results in the histologic studies of 
the pericardium do not rule out the possibility of a tuberculous process. It 
accounts for the fact that the histologic picture of pericarditis in the presence 
of a subsided tuberculous process in its tissues is common for nonspecific peri- 
carditis. Thus, we may assume that tubereulous pericarditis is encountered 
more frequently than it is diagnosed. 


SYMPTOMS 


The symptoms of constrictive pericarditis are numerous and varied as well; 
but all of them result from limited diastole, the latter being responsible for 
stasis in systemic circulation with subsequent development of decompensation. 
The decrease of blood volume during the diastolic influx results in fall of systolic 
arterial pressure that normally ranges from 90 to 110 mm. Hg. In econstrie- 
tive pericarditis, the heart practically fails to compensate due to prolonged 
diastole and then another compensatory mechanism starts functioning, namely, 
tachyeardia which is very characteristic in such patients. Disturbances with 
innervation as a result of pericardial scarring, or rather of the heart muscle it- 
self, are responsible for arrhythmia. Arrhythmia and tachyeardia are quite 
common in the early stage of the disease, and only occur on exertion. At rest, 
these two symptoms disappear or greatly diminish. In far-advaneced ceases, 
tachyeardia and paradoxical pulse are observed even in patients at strict bed 
rest. Stasis in systemic venous circulation also results in a number of clinical 
symptoms specific of constrictive pericarditis. It should be mentioned that not 
infrequently in our patients we have noticed enlarged and pulsating jugular 
veins; as reported in other communications this phenomenon occurs in 100 per 
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cent of the patients. The rise of venous pressure to 300 to 400 mm. H.0 is e 
sidered to be a pathognomonic feature of certain importance. In our ex 
rience we have had only one patient, a woman, with a venous pressure of 130 
mm. H.O and that was after 2 months of staying in the hospital with bed rest 
and adequate therapy. The venous pressure of other patients measured 300) 
mm. or more; one patient, S., 18 years of age, being given proper preopera 
tive management, has not shown any signs of decompensation but, nevertheless, 
his venous pressure was 340 mm. H.O preoperatively. Our experience and tlie 
data reported have shown enlargement of the liver in 100 per cent of cases. 

Distal edema, mostly of the lower extremities and later on, of face and thie 
upper extremities, is frequently observed, but it occurs in the early stage of the 
disease, in the evenings and after hard exertion. In advanced cases, edema can 
he present even at rest. 

One of our patients, P., 22 years of age, showed edema of the face, upper 
and lower extremities, scrotum, and subcutaneous connective tissue of the body. 
There was no response to massive therapeutic measures and, despite the fact 
that he was a poor surgical risk, operation has been performed. 

Ascites, frequently rather massive, is typical in the majority of patients 
and actually in all of them if the data of their case histories are taken into con- 
sideration. It should be emphasized that it is not rare for ascites to present the 
first symptom of this disease and in some eases manifests itself earlier than 
other evidences of heart incompeteney, that is, edema of the lower extremities. 
The latter can lead to an erroneous impression and diagnosis of cirrhosis or 
tuberculous peritonitis. Ten patients of a total of 50 have been admitted to our 
elinie with a wrong diagnosis, mostly of portal hypertension. Exudative pleu- 
risy is nearly as frequent in these patients as ascites. In some eases, exudative 
pleurisy gives the first pathologie evidence of the principle disease. The pres- 
ence of pleurisy or adhesions after pleurisy makes roentgenologie diagnosis of 
constrictive pericarditis difficult, or it may even mislead the clinicians in their 
diagnosis because their attention is focused on pleural changes. The exam- 
ination of paticnis and clinical heart studies are extremely valuable for estab- 
lishing a firm diagnosis of constrictive pericarditis. 

Physical examination reveals frequently observed cyanosis and edema of 
the face as well as swollen jugular veins. The eardiae silhouette is normal or 
shows slight enlargement. There is the coincidence of limits of absolute and 
relative dullness (to pereussion). X-ray examination reveals indistinet out- 
lines of the cardiac shadow, and diminished contractions or the entire lack of 
pulsatile eardiae contractions. In some instances, roentgenograms reveal calci- 
fication of pericardium; as reported by some authors it oceurs in 25 to 50 per 
cent of the cases. 

Kymographie findings are greatly helpful in diagnosis and for selecting 
the proper operative approach to the heart. The presence or absence of curved 
contours in heart outlines as well as their size in different heart portions con- 
tribute largely to the accuracy of diagnosis in doubtful cases and to determining 
those pericardial areas involved that need resection. 
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Eleectrocardiographie findings mostly reveal considerable fall of curve vol- 
tage and low T waves, both phenomena being characteristic of constrictive peri- 
earditis. Hemodynamic changes observed in patients suffering from this disease 
demonstrate a number of typical features. Preoperatively nearly all patients 
have shown diminished systolic blood volume, increase of arterial-venous oxygen 
differential values, reduced blood flow rate, and pronounced respiratory dis- 
turbanees relative to the very factors that are responsible for hemodynamic ir- 
regularities. 

The patient’s own appraisal of his status provides the earliest symptoms 
of the disease. The varied clinical picture of constrictive pericarditis is com- 
pleted by marked intensifying dyspnea, at first on exertion and later at rest, 
weakness and easy fatigue, and chest pains in the epigastric region. The clinical 
picture of constrictive pericarditis is very striking from the point of view of 
the discrepancy between pronounced heart incompetency distally and insignifi- 
cant objective changes of the heart itself. The combination of the two, or many 
afore-mentioned symptoms, aids in the diagnosis of constrictive pericarditis. 
The problem of preoperative management and of choosing the most advan- 
tageous period for operative intervention is worthy of particular consideration. 


INDICATIONS FOR OPERATION 

As a rule, all such patients are given antibiotics, glucose intravenously, long 
bed rest, and a protein- and vitamin-rich diet. In far-advaneed eases we have 
recently started using preoperative oxygen therapy, and the results are quite 
encouraging. Up to now the literature has not elucidated the problem of the 
indieations for blood transfusion in patients with symptoms of decompensation. 
With regard to this, our experience permits us to advocate blood and plasma 
transfusion in patients affected with ascites or pleurisy, who have lost an essen- 
tial amount of protein in the blood. Protein tests have shown that, as a rule, 
such patients have an extremely low percentage of total protein in the blood 
and a grossly damaged correlation of separate protein components which re- 
sults in colloido-osmotiec imbalance in blood and body tissues and contributes 
to fluid infiltration into the abdominal and pleural cavities. Multiple blood 
and plasma transfusions in small doses would level the amount of total protein, 
thus resulting in normal colloido-osmotie balance. 

Incision.—The success of pericardiectomy depends largely on the degree of 
heart denudation. Proper approach and a wide enough access are largely re- 
sponsible for the successful procedure and its beneficial result. No wonder, 
therefore, that many specialists are concentrating their attention on methods of 
pevicardiectomy and the surgical approach. 

We are fully in agreement with the opinion of Uzbashich and Janelidze 
that ‘‘the chapter of surgical technique of eardiolysis cannot be considered to 
be finished,’’ that ‘‘methods of this rather difficult operative procedure might 
he supplemented by certain modifications. that should favour the successful 
Postoperative course of this disease and its ultimate results.’’ 
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Different approaches being used in pericardiectomy are: (1) transpleural 
(by Kuprijanov, Kolesnikov, and others), (2) transsternal with longitudinal 
sternotomy (by Holman, Antelava, Valdoni, and others), (3) transsternal with 
transverse sternotomy (by Bakulev, Meshalkin, Johnson, Uglov, Kirby, and 
others), (4) parasternal (by Bakulev, Janelidze, Stojanov, Schmieden, and 
others), and (5) graft method with ribs and sternum being temporarily thrown 
aside (sternocostal flap) (by Uglov). Since the last method of approach, con- 
firmed by our immediate and late results, is mostly a suecess, we would like to 
deseribe it in detail. 

Surgical Technique-—The skin incision begins at the level of the mid- 
clavicular line, is extended along the lower margin of the second rib to the 
right of the mid-sternal line, then goes along the right border on the mid- 
sternal line downward as far as the sixth intercostal space, and along the 
latter to the left up to the midaxillary line (Fig. 1). A muscular-cutaneous graft 
is dissected exposing the sternum, rib cartilages, and distal sections of the sec- 
ond to sixth rib (Fig. 2). These ribs are resected subperiosteally within 3 to 
4 em. of the rib cartilages. By using a sharp knife, the sternum subperiosteum 
is dissected 1.5 to 2 em. along its left border and at the level of the first to sixth 
intereostal spaces. Soft tissues in this interspace are gently excised as far as 
the sternal fascia. With a eurved clamp inserted through these intercostal 
spaces below the sternum, sheets of mediastinal pleura are bluntly retracted 
from the sternum. After that the clamp is replaced by the blade of the sternal 
scissors and the left sternal border of 1.5 to 2 em. wide is excised from the first 
to the sixth intereostal space (Fig. 3). The dissected left sternal margin is 
elevated by a sharp hook and the left mediastinal pleura is bluntly retracted 
toward the midline. When this is done, the whole pleuracostal graft (flap) is 
lifted aside (this can be easily performed due to the resected sections of ribs) 
(Fig. 4). Right and left mediastinal pleura, by blunt and sharp dissection 
as close to the pericardium as possible, are retracted to the right and left, ex- 
posing the anterior pericardial surface (Fig. 5). Against the mid-cardiae 
line, close to the sternum, the pericardial sae is grasped by two clamps and 
dissected between. Then, by blunt and sharp dissection we divide epicardium 
and pericardium, keeping as close to the latter as safety will permit, but at the 
same time doing all in our power to avoid leaving any of the posterior peri- 
cardial sheet on the heart wall. The pericardium is excised longitudinally and 
then two transverse incisions in the upper and lower corners of the wound are 
made. Grasping the margin of the pericardial sae with bulldog clamps and 
slightly elevating it, we accomplish blunt and sharp dissection of the pericardium 
from the mediastinal pleura on one side and from the epicardium on the other. 
In some instances, we gently cut adhesions by scissors, care being taken not to 
injure the heart muscle but trying, however, to remove the pericardium as com- 
pletely as possible (Fig. 6). 

The left pericardial border is resected not less than up to the left dia- 
phragmatie nerve; its right border is also exposed behind. This procedure is 
quite feasible since lifting the right margin of the pericardium the heart is 
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displaced to the left, enabling resection of a considerable portion of the pe 
cardial sac from the right cardiae surface as well. After adequate dissectic 
of the left and right pericardial graft, we proceed to denudation of the upp: 
portion of the heart, reseeting as much as possible of all the degenerat: 
pericardium from the large heart vessels, freeing the pulmonary artery, aort: 
superior vena cava, and auricle of the right atrium (Fig. 7). The wound is 
then closed (Figs. 8 and 9). In eases in whieh fixation is so snug that it 
prevents the removal of pericardium, dissection is required to lessen pressure 
on the large vessels. Next, having retracted the diaphragm and left pleura! 
sheet, an attempt is made to resect the pericardial area adjacent to the diaphragi, 
denuding the whole diaphragmatic surface of the heart. Removing the peri 
eardium from the great vessels releases the superior vena cava from pressure. 
Kxposure of the inferior vena cava, however, is difficult in some eases. 

It is well known that there is no unanimity of opinion on the advisability 
of pericardiectomy for the surface of the atria and large vessels. Some 
specialists consider that complete liberation of the large vessels, mainly the 
superior and inferior venae cavae, is a determining factor in accomplishing a 
successful pericardiectomy. Because of the risk of injuring the atria and 
large vessels, Janelidze, Sellors, and others strongly advise against the denuda- 
tion of atria and points of vena cava insertion. 


DISCUSSION 


Evaluation of our personal material and the data reported suggest that 
the results of operative intervention are in direct relation to the amount of 
the resected pericardial portion, and the completeness of the decortication of 
large vessels from the pericardial ring constricting them. In view of this we 
do not agree with the authors who consider that the decortication of vessels 
has no significant effect on the results of surgery. Having studied the history 
of our patients operated upon within the last years and their late results we 
have coneluded that extensive denudation of heart and relief of the large 
vessels from pressure favor prompt recovery. In about 2 to 3 months after the 
operation or even earlier, individuals, formerly quite incapacitated, are able to 
return to their ordinary way of life. 

With the removal of a small portion of the pericardium, when the left 
ventricle, heart apex, or large vessels are still constricted, recovery is slow 
and complete recovery is frequently not attained. Considering the importance 
of the amount of the resected pericardial portion, we make every effort during 


surgery to denude, as a minimum, the anterior left lateral surface up to dia- 
phragmatie nerve, part of the right lateral surface, right atrium, and large 
vessels (superior vena cava, pulmonary artery, and aorta). In a number of 
cases, however, due to unsatisfactory access (parasternal incision) we were 
unable to remove enough of the pericardium or decorticate the large vessels at 
the site of vena cava insertion, and in the long run we will not see complete 
recovery or may see complete but slow recovery. 





Mon of CONSTRICTIVE PERICARDITIS 255 

The transbipleural approach affords vast possibilities for the surgeon 
since he can remove essentially the whole pericardium. The operative inter- 
vention being radical, its beneficial effect is actually immediate. In the early 
postoperative period the patients are relieved from ascites, the liver is no 
longer palpable, and there is no edema and dyspnea. The patient makes a 
good recovery and remains well. In extensive denudation of heart, acute 
dilatation of the heart developing in the early postoperative period is a po- 
tential danger. As revealed by roentgenograms taken on the second or third 
postoperative day, the sequelae of such dilatation comprise an increase of in- 
competency symptoms, ascites, edema, and liver enlargement. A few days 
postoperatively the evidences of heart failure disappear and the patient usually 
continues to do well to the end of his stay in the hospital. 

In other cases when the disease is far-advaneed and responsible for the 
formation of the so-called “armor pericarditis,’ which greatly reduces the 
number of heart contractions, then dilatation may be too acute and fatal to a 
patient. Atrophie heart muscle cannot endure the large blood flow, and acute 
dilatation with concomittant cardiac ineompetency may result in a fatal out- 
come. This phenomenon we can demonstrate with Patient B., 46 years of age, 
who had a 14 years’ history of armor pericarditis. The operation, performed 
under hypothermia by the transbipleural approach, revealed thickened peri- 
cardium penetrated by calcium deposits that in some places sank deep into 
the heart muscle, “thornwise.” Not desiring to leave such “thorns,” we ac- 
complished resection of the pericardium not only from the anterior and lateral 
surfaces of the heart but also from the whole posterior surface. The operation 
was performed without any complications but on the second day the patient 
developed acute heart dilatation and ineompeteney and died. Considering 
this disappointing practice we have become more careful while denuding the 
heart, for it was quite obvious that the acuteness of dilatation depends largely 
on the duration of disease and the degree of pericardial wall pliability. 

It should be mentioned that resection of too much of the pericardial area 
can be performed not only by transbipleural approach but also by using the 
reviewed graft incision when ribs and sternum are being temporarily laid 
aside. An example is the following case: The patient, V., aged 40, was ad- 
mitted to the hospital on Sept. 21, 1955. There had been previous history of 
distress for 3 years. The heart was grossly constricted, and an irregular arrhyth- 
mia was present. Considering the age of the woman, her poor-risk state, 
and the impaired electroconductivity of heart muscle it was decided to per- 
form an operation by utilizing a graft incision and not to perform extensive 
denudation of the heart. On Nov. 1, 1955, the patient was operated upon. 
The heart was grossly constricted by caleium armor; its edges penetrated into 
the heart muscle and necessitated the removal of a large pericardial area 
(144 em.?). The patient developed great dilatation postoperatively which 
caused her condition to deteriorate. Subsequently her state improved and she 
Was discharged in fair condition (Figs. 10 and 11). 
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Quite another situation was observed with Patient C., 29 years of ag 
The far-advaneed state of the disease, poor general condition, and thickness « 
the pericardial calcium deposits made it impossible to do otherwise than 
decorticate the large vessels and remove the pericardium from a limited ar 
of 100 em.” by using a transbipleural approach. Postoperatively dilatation 
was not observed, but the period of convalescence was rather slow (Figs. 12 
and 13). Nevertheless, 214 months after surgery, venous pressure had dropped 
from 230 to 145 mm. H.O, ascities disappeared, and the patient made a satis- 
factory recovery. 


Fig. 10. wig. 3%. 


Fig. 10.—Roentgenogram of the heart in Patient B., aged 40, prior to operation. Diag- 
nosis of armored heart. 

Fig. 11.—The same patient. Heart roentgenogram taken postoperatively. pronounced 
heart dilatation. 


Fig. 12. Fig. 13. 


: Fig. 12.—Roentgenogram of the heart in Patient C., aged 21, taken prior to surgery. 
Diagnosis of constrictive pericarditis. 
Fig. 13.—The same patient. Heart roentgenogram taken postoperatively. No evidence 
of cardiac dilatation. 


It is presumed that to a certain extent the surgeon can regulate the eftec- 
tiveness of his intervention and influence the prompt recovery of the patient. 
The greater extent of heart denudation and more complete decortication of 
the great vessels is followed by more rapid recovery. With advanced processes 
in the presence of thickened and rigid perieardial walls, particularly with 
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caleium deposits, extensive denudation may be responsible for gross heart 
dilatation, and that in turn may lead to fatality, especially in aged people. 
Therefore, the surgeon should not be too enthusiastic about technical oppor- 
tunities but perform pericardiectomy keeping in mind possible postoperative 
complieations. Because of this, we recommend that the method used be gov- 
erned by the patients’ status and the possible extent of the procedure. The 
condition of the large vessels and the possibilities of access by the different 
approaches should also be taken into account. 

The results of surgical treatment for constrictive pericarditis are improv- 
ing with every passing year, though the mortality rate is still high. 

According to a statistical summary of one of our associates, Stukey, a 
total of 353 operations had been performed by our countrymen and 1,104 by 
specialists abroad. The results of surgery are summarized in Table I. But it 
must be emphasized that all data about patients with improvement or without 
it are not quite exact for some specialists do not give complete data. 


TABLE I 





NUMBER OF | NUMBER OF| WITHOUT 
PERIOD AUTHORS | OPERATIONS | RECOVERED | IMPROVED RESULTS DEATHS 


‘ pagent Specialists of Our Country 
1916-1958 29 353 176 62 19 54 
(50.0% ) (17.5%) 5.3% 15.38% 
67.5% 
Data of Our Clinic 
1951-1959 5 38 5 2 
(76%) (10%) 4% 
86% ad 
Specialists Abroad 
1913-1958 495 180 50 242 
(44.8%) (16.3% ) 4.5% 21.9% 


61.1% 























We have performed 50 operations for constrictive pericarditis, the follow- 
ing approaches being used: intracostal transpleural (once, no deaths) ; para- 
sternal with interresection of costal cartilages and sternum (3 times, no deaths) ; 
transbipleural (24 times, 4 deaths) ; and graft incision (22 times, 1 death). 

It has been observed that patients operated upon by the transbipleural 
approach made rapid recoveries and their immediate and late results were 
similar; thus, of 24 patients, 16 obtained good results and 4 had marked im- 
provement. The results have remained as such within the period of 0.5 to 6 
years. In patients who were operated upon by using a graft incision (our 
technique), the postoperative reaction was different. Of 22 resections, only 8 
patients have shown good recovery, 10 showed considerable improvement, and 
3 no significant improvement. Nevertheless, our late results were no worse 
than those when we were using the transbipleural approach. In 18 of 22 
cases, we have gained good results, in 1 case—marked improvement, in 2— 
slight improvement. Transbipleural surgery resulted in death in 4 cases one 
nionth postoperatively, but there was one death with our method with the graft 
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approach, although the latter was applied for the most part in poor surgi 
risk patients. It would seem that the former approach is extremely traumat 
and hazardous in patients whose general condition is poor. Of a total of Sv) 
operations performed for constrictive pericarditis, we have obtained 38 go 
results, in 5 marked improvement, in 2 insignificant improvement, and deat 
occurred in 5 eases. 

Evaluation of the late and early operative results, with respect to the 
mortality rate, has encouraged us to state that the graft incision used in our 
practice actually appears to be superior to other methods and it may be used in a 
substantial number of eases. Transbipleural approach should be used mosily 
in eases in which searring deformation about the inferior vena cava necessitates 
the resection since there is difficulty of access to the inferior vena cava from the 
left graft incision. The latter can provide adequate denudation from con- 
strictive pericarditis for all other sections of the heart. 

With respect to the postoperative management of these patients we would 
like to emphasize the necessity of multiple blood transfusions in a patient who 
has undergone pericardiectomy and shows considerable edema, ascites, and 
pleurisy that result in great loss of protein components and, consequently, in 
protein deficiency. We feel strongly that this fact warrants particular con- 
sideration since, in current literature, we may find counter opinions concern- 
ing the contraindication to blood transfusion in such patients. It is our 
conviction that during the operative procedure and postoperatively these patients 
should be transfused by slow drip of small transfusions of 250 to 300 mm. per 
day. We were-able to obtain rapid improvement in a patient who had been 
a very poor risk due to ascites and bilateral pleurisy, but by means of trans- 
fusion were able to gain complete and stable recovery. I have seen such a 
patient develop such severe heart incompeteney that there seemed to be no hope 
for his survival, yet every transfusion improved his condition and the fluid in 
the abdominal and pleural cavities began to resolve. 

The results obtained in the follow-up of such patients have encouraged 
the rise of more extensive blood transfusions in the postoperative care of 
patients. 
SUMMARY 
A detailed knowledge of the clinical picture of constrictive pericarditis 
makes an accurate diagnosis possible. Operative intervention is absolutely 
imperative if the diagnosis has been made. Careful preoperative management, 
proper approach, and postoperative treatment favor good immediate and late 
results with a comparatively low rate of mortality. 

In this presentation, the method of graft incision is advocated since this 
technique is less traumatic and provides strikingly good early as well as late 
results. 
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EXPERIMENTAL APPRAISAL OF THE AGENTS EMPLOYED AS 
ANGIOCARDIOGRAPHIC AND AORTOGRAPHIC 
CONTRAST MEDIA 


Il. NEPHROTOXICITY 
DUNCAN A. KILLEN, M.D., AND Epwarp M. Lancer, M.D., NASHVILLE, TENN. 


(From the Department of Surgery and the S. R. Light Laboratory for Surgical Research 
Vanderbilt University School of Medicine) 


IIE tissue toxicity of the commonly used angiocardiographie and aor- 

tographie contrast media has frequently revealed itself in terms of acute 
renal damage. This complication is a special hazard to those individuals sub- 
jected to abdominal aortography.': * 

The nephrotoxicity of the currently available angiocardiographie and aorto- 
graphic contrast agents was evaluated by assessing renal damage resulting from 
the administration of a standard test dose of each substance to healthy adult 
mongrel dogs. 

METHOD 


Fifteen eubie centimeters of contrast medium was injected manually into 
the abdominal aorta at laparotomy. The injections were performed with the 
animal in the supine position under light barbiturate anesthesia (30 mg. per 
kilogram of veterinary Nembutal), with the use of sterile operative technique. 
The mechanies of the actual injection were standardized as follows: The tip 
of a No. 18-gauge needle was slanted cephalad after puncture of the anterior 
wall of the abdominal aorta 1 em. below the origin of the left renal artery and 
the contents of the syringe were evacuated manually over a 4 to 5 second period 
(Fig. 1). This set of circumstances was designed to imitate those clinical situa- 
tions in which aortographiec contrast substances are inadvertently injected near 
the orifices of the renal arteries. 

The angiographic contrast agents subjected to analysis were sodium iodide 
(54.6 per cent), Urokon (70 per cent), Neo-lopax (75 per cent), Miokon (90 
per cent), Diodrast (70 per cent), Hypaque (90 per cent), and Thorotrast (25 
per cent). The concentrations of the organic materials employed are the highest 
currently marketed for each substance. The sodium iodide solution was pre- 
pared in that concentration which gives an iodine content comparable to that 
of the organie iodide contrast agents studied. 

The clinical estimation of renal injury was based upon serial nonprotein 
nitrogen values obtained in the postinjeetion period. Histologic examination of 


This investigation was supported in part by the Research and Development Division, 
Office of the Surgeon General, Department of the Army, under Contract No. DA-49-007-MD-697. 
Winthrop Laboratories, Inc., Mallinckrodt Chemical Works, and Schering Corporation 
generously contributed supplies of their respective products for utilization in this study. 
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tissue from the functionally impaired kidneys of selected animals permitted a 
correlation between cellular damage and physiologic aberration. 


RESULTS 
A total of 61 animals, subdivided into seven groups as shown in Table I, 
were subjected to aortic injection of the various contrast materials. Renal func- 
tion could not be evaluated in 19 of these animals since they succumbed within 
48 hours after injection before follow-up blood nonprotein nitrogen samples 
could be obtained. All groups, however, produced survivors qualifying for 
evaluation except that group receiving sodium iodide. 


TABLE I. DISTRIBUTION OF ANIMALS INJECTED AND ANIMALS EVALUATED 





_ | | SURVIVAL PERMITTING EVALUATION 














CONTRAST NUMBER 

AGENT INJECTED | 2 DAYS | 4 DAYS | 6 DAYS 
Sodium iodide 9 0 0 0 
Urokon 9 4 4 3 
Neo-lopax 8 6 6 5 
Miokon 10 8 8 8 
Diodrast 9 8 7 z 
Hypaque 8 8 6 6 
Thorotrast 8 8 8 8 
Total 61 42 39 37 











_ Fig. 1—Drawing depicting the method of intra-aortic dissemination of the contrast 
media. Forceful retrograde injection allows the contrast solution to gain access to renal 


artery ostia. 


The postinjection variations of the nonprotein values of the surviving 
animals are recorded in Fig. 2 according to the contrast medium employed. 

Control levels of serum nonprotein nitrogen values in the 42 animals which 
survived long enough for adequate study fell within a range of 20 to 41 mg. 
per eent with a mean value of 27.5 mg. per cent. A postinjection nonprotein 
nitrogen value of 45 mg. per cent or greater was arbitrarily labeled “abnormal”’ 
and was considered to be evidence of azotemia. Table II describes the incidence 
of azotemia in the animals evaluated. 
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TABLE II. COURSE OF ANIMALS EVALUATED 
CONTRAST NUMBER OF MEAN WEIGHT | ANIMALS WITH | MORTALIT 
AGENT ANIMALS (Kg.) | AZOTEMIA (1 WEEK 
Urokon 4 12.5 4 2 
Neo-lopax 6 12.5 2 l 
Miokon 8 11.3 0 0 
Diodrast 8 12.0 2 l 
Hy paque 8 10.1 0 2 
Thorotrast 8 12.5 I 0 
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Fig. 2.—The postinjection course of the nonprotein nitrogen values of animals receiving test 
injection of Urokon, Neo-Iopax, Miokon, Diodrast, Hypaque, and Thorotrast. 


It is readily apparent from a consideration of Fig. 2 and Table IT that the 
incidence and severity of azotemia were greater in those animals which received 
Urokon, Neo-Iopax, and Diodrast. On the other hand, no abnormal nonprotein 
nitrogen values were registered in animals exposed to Mioken or Hypaque. 

At necropsy no gross renal damage could be detected. The renal artery 
and vein were patent and there were no areas of hemorrhage, infarction, ot 


necrosis, 
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Fig. 3. 





Fig. 4. 


Fig. 3.—Photomicrograph (17.5 X; reduced 4%) of a renal specimen taken 10 days fol- 
lowing aortic injection of Neo-Iopax. There was no rise of the nonprotein nitrogen to abnor- 
mal levels in the postinjection period. A relatively normal histologic pattern is retained. 

_ . Fig. 4.—Photomicrograph (17.5 x; reduced 4%) of a kidney removed 4 days after aortic 
injection of Urokon. Note the preservation of glomeruli, loss of tubular epithelium, and the 
presence of tubular casts. 
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Microscopie study of kidneys from severely damaged animals revealed ex- 
tensive changes in the tubular epithelium. All gradations of injury from cloud) 
swelling to cellular dissolution were observed and could be roughly correlated 
with the clinical findings (Figs. 3 and 4). Proteinaceous casts and cellulai 
debris were prominent within the tubular lumina (Fig. 5). The glomeruli 
exhibited little evidence of damage and occasionally contained small amounts o1 
eosinophilic material within the confines of Bowman’s space. Small vessel 
thrombosis and extravascular hemorrhage were not noted. 





Fig. 5.—-High-power photomicrograph (100 x; reduced %4) of a kidney of an animal 
subjected to Urokon injection. There is dissolution of tubular epithelium and prominence of 
proteinaceous casts in the tubular lumina. Note normal-appearing glomeruli and small artery. 


DISCUSSION 


Under these standardized laboratory conditions the only recognized var 
iables are animal weight and the chemical] nature of the angiographic contrast 
substance. The factor of animal weight, while not rigidly controlled, is not vital 
to the results of these studies as may be inferred from an appraisal of the 
similarity of mean animal weights of the various groups as expressed in Table 
II. Therefore, the nephrotoxic response to the intra-aortic instillation of con- 
trast media appears to be a function only of the chemical structure of the test 
material. 

Four of the 9 animals with azotemia either stabilized or reduced their 
serum nonprotein nitrogen values during the period of renal function evalua- 
tion. The serum nonprotein nitrogen values of the remaining 5 animals with 
azotemia showed progressive increases throughout the study period, and 3 of 
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them expired before the seventh postinjection day, while none survived beyond 
the sixteenth postinjection day. It can, therefore, be inferred that the early 
death of these test animals was related in a large measure to the induced 
collapse of kidney function. 

There seemed to be a gross correlation between the degree of azotemia and 
the severity of tissue destruction as encountered in the microscopic analysis of 
the kidneys at necropsy. The pathologie picture of the renal damage suggests 
that seen subsequent to injury by known nephrotoxic agents. Reports of others 
coneerning the mechanism of renal damage by the organic iodide angiographic 
contrast media substantiate the concept of direct parenchymatous toxicity.” * ° 
The fact that improvement in renal function was recorded in several animals 
tends to indicate that the kidney is capable of recovering from this “nephrotic” 
syndrome if the initial insult has not been too severe. 

The significance of induced renal injury resulting from aortic injection of 
contrast media is reflected in the results of the clinical survey of MeAfee® in 
which kidney damage was the most frequent serious complication of abdominal 
aortography (0.3 per cent incidence in 13,207 procedures). 


CONCLUSIONS 


1. Nephrotoxicity is dependent upon the chemical structure of the angio- 
vraphie contrast agent and is the result of a direct cellular insult by the con- 
trast material. 

2. Varying degrees of injury, some reversible, occur. It is probable that in 


many clinical instances mild reversible renal damage resulting from aortography 
is undetected. 

3. The results of these studies, while on small groups of animals, provide 
data which permit some conclusions coneerning the relative nephrotoxic 
potential of individual aortographic compounds. A listing of the contrast 
agents (for the concentrations used in this experiment) based on the order of 
descending nephrotoxicity is therefore possible and is as follows: (1) Urokon, 
(2) Neo-lopax, (3) Diodrast, (4) Thorotrast, (5) Miokon, and (6) Hypaque. 
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A FOUR STAY SUTURE TECHNIQUE FOR END-TO-SIDE ARTERIAL 
ANASTOMOSES 
Henry Harmovici, M.D., New York, N. Y. 


(From the Vascular Service, Surgical Division, Montefiore Hospital) 


HE end-to-side bypass grafting operation is currently the most widely used 

in the treatment of segmental occlusive arterial disease. The technique o! 
vascular anastomosis used in this operation’ * * is that originally deseribed hy 
Kunlin® in 1951 for implanting autogenous vein grafts. It consists essentially 
of the following steps: a longitudinal incision through the host artery, ap- 
proximation of the graft to the latter by two stay sutures placed at their proxi- 
mal and distal ends, and then anastomosis by a continuous through-and-through 
stitch. 

While this technique is easily carried out mostly in large vessels, its appliea- 
tion remains, however, more difficult in small arteries, especially when their walls 
are involved by arteriosclerosis. 

Several factors contribute toward the technical difficulties of an end-to-side 
anastomosis at the level of a small artery, such as the popliteal: (1) increased 
thickness of the arterial wall resulting in a markedly narrowed lumen, (2) 
existence of a cleavage plane between the intima and media, (3) disparity be- 
tween the diameter of the graft and that of the host artery, and (4) especially 
closeness of the two edges of the graft necessitating constant care to separate 
them during the anastomosis. 

To overcome these difficulties, we have been using four stay sutures instead 
of two as mentioned above. The various steps of this procedure are illustrated 
in the 4 diagrams in Fig. 1. They consist essentially of (a) a longitudinal 
arteriotomy with elliptic excision of the arterial edges, (b) beveling of the end 
of the graft, (¢) approximation between the graft and the arteriotomy of the 
host artery by two stay sutures placed at their angles, (d) placement of a 
eenter stay suture on each side equidistant between the angles (these sutures 
are passed through the graft from outside to the inside, then through the entire 
wall of the host artery from inside out), (e) anastomosis by a continuous 
through-and-through stitch from one angle stay suture to the other (the two 
sutures are tied together at each end), and (f) removal of the two center stay 
sutures at the completion of the anastomosis. 

The advantages of the center stay sutures are twofold: (1) simultaneous 
retraction of the two graft-host edges on each side in a centrifugal direction, 
and (2) constant direct vision of the edges of the graft and those of the ar- 
teriotomy. These advantages lead to a more adequate approximation of the 
vessels and an accurate placement of the sutures. This is especially helpful in 
cases with a cleavage plane between the intima and media where the correct 
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placing of a through suture from inside out is so essential. Failure to avoid 
separation of the two arterial layers will frequently lead to intimal disseetion 
followed by luminal obliteration. This is perhaps the most frequent cause of 
an aeute failure of this operation. Since the distal anastomosis is the most 
critical step of a bypass operation, an accurate and simple technique is most 
desirable for its success. Its application in bypass grafts for aortoiliae and 
femoral-popliteal occlusions proved this technique to be simple, rapid, and quite 
satisfactory. 





Fig. 1—A, Placement of the angle and center stay sutures. B, The angle sutures are 
tied. The center sutures are used for retraction only. C, With the host-graft edges well ap- 
proximated and the opposite edges retracted, the through-and-through anastomosis proceeds 
from one angle to the other. D, Anastomosis completed. 


SUMMARY 


A modification of the end-to-side arterial anastomosis is presented. To the 
routine angle stay sutures, two additional center stay sutures are described. 
Their chief purpose is to provide adequate retraction of the two graft-host edges 
on each side in a centrifugal direction and constant vision of the vascular edges. 
This renders the end-to-side anastomosis easy, safe, and rapid. 
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THE IVALON SPONGE PROCEDURE FOR 
MYOCARDIAL REVASCULARIZATION 
ARTHUR VINEBERG, M.D.C.M., T. DetryaNnis, M.D., ANpD Git Pasio, M.D., 
MONTREAL, QUEBEC 


(From the Department of Experimental Surgery, McGill University, and the Sub-department 
of Cardiac Surgery, Royal Victoria Hospital) 





UR experiences with internal mammary artery implantation during the 

past 14 years have shown us that the animal and human heart muscle 
is entirely different from that of skeletal muscle. It is a veritable spongelike 
network of vascular spaces, and it is into this loosely knit vascular structure 
that the internal mammary artery bleeds when implanted into the myoear- 
dium, and for this reason, unlike arteries implanted into skeletal muscle, if 
remains open. 

Approximately 314 years ago a patient who had received an internal 
mammary artery implantation 4 years previously died from a ruptured right 
ventricular aneurysm. Following internal mammary artery implantation this 
patient’s condition did not get any worse, but neither did it improve. At 
autopsy the internal mammary artery was found to be at least 70 per cent 
patent, and was the only artery open in this patient’s heart. It became obvi- 
ous that one vessel the size of the internal mammary artery could not possibly 
supply sufficient blood to maintain a whole heart. It was due to this informa- 
tion, and the fact that in the experimental laboratory over the years it has 
been impossible to keep more than 90 per cent of the implanted arteries open 
and, likewise, impossible to obtain more than 70 per cent large mammary- 
coronary anastomoses, that other methods to supplement the internal mam- 
mary artery implant were tried. Among the many methods of revasculariza- 
tion that were studied was the Ivalon sponge operation. 

As a result of our experiences with the Ivalon sponge operation as a 
method of myocardial vascularization for the relief of myocardial ischemia 
caused by coronary artery narrowing or occlusion, some strange questions 
have been asked in our laboratories. To begin with, is it possible to reconvert 
a mammalian heart into a primitive one, thus turning it back through the 
aeons so that, like the primitive heart, it can survive without coronary 





arteries? 
An example of such a primitive heart is to be found in the systemic 
heart of the hagfish which has no coronary arteries but receives its nutrition 


This work has been Carried out in the Laboratories of the Departments of Experimenta! 
Surgery of McGill University, and the Institute of Cardiology of Montreal. It has been financed 
through generous federal and provincial grants. 

The angiocardiographic x-ray studies have been carried out by Dr. Jules Laberge, 
the Institute of Cardiology of Montreal, and the pathologic and histologic studies have been 
eins hog under the direction of Dr. G. C. MacMillan, Professor of Pathology, of McGill Uni 
versity. 
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direetly from the heart lumina.* In this type of heart the heart muscle is 
loosely trabeculated, forming a spongelike structure of muscle fibers con- 
taining multiple channels which communicate freely between the heart lumina 
and the myocardial wall. The myocardial fibers in this type of heart receive 
their nutrition directly through these numerous channels in communication 
with the heart lumina. The ventricular blood rises and ebbs, flowing from 
the ventricular cavity into the heart wall, there to nourish directly the myo- 
cardial fibers, that is, by ‘‘endocardial nutrition.”’ 

Does the mammalian myocardial fiber inherit a four-hundred-million- 
year-old memory, so that if given a proper stimulus it, likewise, can take 
its nutrition directly from the ventricular cavity by loosening its own com- 
pact structure to form one which is more trabeculated, and by opening up 
long-unused channels connecting the ventricular cavity to the interstices of 
the heart wall? 

Is it possible that the myocardial network of vessels can so rearrange 
themselves within the myocardial framework that they form a true sponge- 
like network of spaces and vessels which communicate not only with one 
another but with extracardiac vessels, coronary arteries and veins, and with 
the ventricular lumen itself? 

The possibilities suggested in these questions are not as far-fetched as 
they seem to be. There have been eases reported in which, at autopsy, there 
were no coronary arteries open in the heart, suggesting that these hearts had 
received their nutrition from an endoeardial souree.' 

The Ivalon sponge operation developed as the result of an idea which 
came to the senior author while watehing the ocean from a south Atlantic 
beach in 1954, and pondering the problem of coronary artery heart disease. 
Could the ocean hold the key to revascularization surgery for coronary artery 
insufficiency? Surely there must be something in the evolutionary past of 
the human race which might be of assistance, particularly since, at some time, 
many millions and perhaps billions of years ago, the earliest progenitor of the 
human race crowled out of the waters. While thus ruminating, the idea 
developed which instigated the active experimental studies of the past 3 
years. Could one, perhaps, supply a framework between the myocardium 
and pericardium through which hundreds of small vessels could grow, much 
in the same manner as a gardner places screens above plants to guide their 
growth, or alongside of vines to facilitate their upward extension—perhaps 
something with small canniculae, such as the coral, or the sponge? 

Constantine was set to work on this problem in the Fall of 1956. Various 
types of coral formation were examined after being ground up. On examina- 
tion of these it was decided to abandon the use of coral because the canniculae 
were too small. Various types of marine sponge were then studied, and a 
method of making spongedust which would pass through a No. 60 mesh sieve 
was developed. A silicaceous type of sponge was used so that its contained 
silicate particles would abrade the serous layers of the pericardium and 


*Personal communication with David Jensen, The Scripps Institute of Oceanography, 
fa Jolla, Calif. 
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permit blood vessels to grow through the canniculae of the sponge. Un 
fortunately, when the sponge powder was placed in a dog’s pericardium 
there was a marked reaction which usually resulted in the death of the ani 
mal. Constantine also used thin slices of marine sponge applied to the surfac 
of the left ventricle, with similar results. 

On discussing this problem with Deliyannis* who was to continue Con 
stantine’s work, the former suggested the use of Ivalon sponge placed upo: 
the heart in thin sheets. It was thought that, since Ivalon sponge is an iner‘ 
substance, it would offer an ideal framework to guide the growth of blood 
vessels from pericardium to myocardium. In order to obtain the proper 
conditions for such a growth of vessels, at least three things were considered 
necessary: (1) myocardial ischemia must be created, (2) the serous lining 
of the fibrous pericardium and the epicardial covering of the left ventricle 
must be removed, and (3) the Ivalon sponge sheet must be sufficiently thin to 
permit blood vessels to bridge the gap between the denuded pericardium and 
the heart muscle. 


network of blood vessels 
in the pericardium: 
arteriolar venous 
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Fig. 1.—Drawing showing Ivalon sponge operation and position of Ameroid coronary artery 
constrictors on the anterior descending and circumflex coronary arteries. 

To produce myocardial ischemia Ameroid constrictors were placed around 
the origins of the anterior descending and circumflex branches of the left 
coronary artery. In previous experiments such constrictors had been tested 
and proved to narrow the coronary vessels very materially, causing a very 
high mortality rate in control animals. Removal of the epicardium and serous 
pericardium were earried out by Deliyannis, using a Beck seraper. Then 
1/16 ineh sheets of Ivalon sponge were placed upon the front and back of the 
heart, where they were held in position by a few stitches of interrupted silk 
(Fig. 1). The operation was then subjected to the Ameroid coronary artery 
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constriction survival test. This test, as has been pointed out in previous 
publications,” is one that is hard to negate. <A series of dead control animals 
provides an excellent base line for estimating the value of any surgical or 
medical treatment for coronary artery constriction. The survival figures for 
Deliyannis’s series of animals with Ameroid constriction of the two main 
left coronary arteries, treated by nothing but Ivalon sponge is shown in Table 
[.. It must be pointed out that all animals in which wound infection de- 
veloped or in which fluid was found in either pleural space at autopsy were 
not ineluded in the control or treated series. The same precautions which 
have been deseribed previously for the use of the coronary artery Ameroid 
constrictors were strictly adhered to. In this way a better picture of the 
value of the Ivalon sponge operation in protecting hearts against coronary 
Ameroid constriction death could be obtained. 


TABLE I. AMEROID CONSTRICTION TEST OF IVALON SPONGE OPERATION 








NUM- | | AVERAGE 





| SACRIFICED 





BER | | NUMBER ILLNESS STUDY 
OF | NUM- | DAYS SUR- | NUMBER | AVERAGE | NUMBER | AVERAGE 
ANI- | BER OF | VIVED POST- OF | DAYS POST- OF DAYS POST- 





| MALS |DEATHS| OPERATION |ANIMALS | OPERATION | ANIMALS | OPERATION 





Control 20 18 18.8 2 26 - - 
Vaseline Ameroids 
plus Ivalon sponge 22 3 45 - 19 ~ 255 





All animals had Vaseline-coated Ameroids placed on anterior descending and circumflex 
branches of the left coronary artery. 


A total of 54 animals were operated upon. Of these, 25 were control 
animals, and 29 were treated. After excluding those animals with complica- 
tions from both the control and treated series, there was a total of 20 control 
and 22 Ivalon sponge-treated animals studied. All but two of the control 
animals died within a period of 18.8 days. All apparently died from myo- 
cardial ischemia. 

Of the Ivalon sponge-treated animals, 19 animals survived for 3 months 
or longer. All of these were studied, some before and all after being sacri- 
ficed (Table I). It was obvious that the Ivalon sponge sheets applied directly 
to the bared myocardium had resulted, in certain cases, in the development 
of a type of extracoronary blood supply sufficiently large to relieve the 
ischemia of the left ventricle caused by the constricting Ameroids. Having 
obtained such startling survival figures, work was commenced to find out, 
if possible, some of the factors responsible for the survival of the sponge- 
treated animals. 


DEMONSTRATION OF THE DEVELOPMENT OR OPENING UP OF EXTRAVASCULAR 
CHANNELS FOLLOWING THE IVALON SPONGE OPERATION 


Evidence for Extracardiac Blood Supply via Pericardial Sponge—Myo- 
cordial Arterial Anastomoses (Subclavian Artery Sponge Angio-myocardio- 
gram).—Animals that had survived Ameroid constriction of the two main 
coronary arteries because of the Ivalon sponge operation were studied 6 to 
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14 months after surgery. The left chest was opened, and the left subclavian 
artery was ligated at its aortie origin and cannulated distal to the point oi 
ligature. In this way, the subclavian artery and all its branches could J} 
injected in order to outline the pericardiophrenie intereostal arteries an 
other arteriolar branches of this vessel which supplies the pericardium. 

Serial x-ray studies of such injections have been carried out by Laberge 
Through special fast cassette film studies it has been possible to follow the 
radiopaque dye down the branches of the left subclavian artery, including 
the internal mammary artery and its branches, into the region of the heart 
In at least three of these studies, in three different animals, the x-ray has 
visualized areas of dye concentration in the region of the apex and left ventric 
ular wall. These radiopaque concentrations have been considered by Laberge 
to be accumulations of the dye in the sponges which were resting between 
the myocardium and the pericardium. In other words, the radiopaque dye 
injected into the left subclavian artery outlines a multitude of vessels which 
were running to the pericardium and which ended by entering and filling 
the sponge interstices, that is, pericardial-sponge anastomotic arterial chan- 
nels (Fig. 2). 

Pericardial-Ivalon Sponge Myocardial Arterial Anastomoses.—Following 
the angiocardiogram after the animal had been sacrificed, the left subclavian 
artery was injected with India ink in the same manner as the radiopaque dye 
was injected during life, except for the fact that all the branches to head 
and forearm were first ligated. The India ink could be followed as it filled 
numerous vessels running to the pericardium, and it was possible to see what 
appeared to be areas in the sponge which, likewise, were filled with the injee- 
tion mass. Upon opening the aorta and left ventricle, India ink was seen to 
have traversed the entire thickness of the left ventricular wall to appear 
in the left ventricular lumen. These same experiments have been repeated 
after first isolating and tying all the great vessels, namely, the pulmonary 
veins, pulmonary artery, superior and inferior venae cavae, and the aorta at 
its origin, so that when the injection was made in the left subelavian artery 
there were no channels other than those entering the pericardium and trav- 
ersing the sponge into the myocardium which could be injected. Again, in 
this experiment, the India ink was observed to enter the pericardial vessels, 
then the sponge (ig. 3), and on eross-section of the ventricle it was found 
to be in the wall of the left ventricle (Fig. 4), thus establishing, without 
doubt, the existence of pericardial-sponge myocardial anastomotic channels. 

Demonstration of Blood-Containing Spaces Within the Ivalon Sponge. 
Injection studies, although suggestive, were not sufficient evidence to prove 
that there were actually vascular spaces within the Ivalon sponge interstices. 
In order to answer this question, Ivalon sponge-covered hearts were studied 
3 to 14 months after operation and after survival from animal coronary 
artery constriction. To settle the question as to whether there were blood 
spaces within the sponge network, the animals were anesthetized and allowed 
to die from anoxia. The great vessels were then tied, and the hearts were 
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Fig. 2.—Reproduction of an angiocardiogram made on the heart of an animal 12 months 
after the Ivalon sponge operation and survival from Ameroid constriction of the two major left 
coronary arteries. The radiopaque dye was injected through the left subclavian artery after 
| first ligating its origin at the aorta. A, Control, showing Ameroids in position on the anterior 

decending and circumflex arteries. B, Demonstrates the filling of numerous branches which 
originate from the axillary, subclavian, and internal mammary arteries to converge in the 
region of the left ventricle. C, A beginning area of opacification on the anterior wall of the 


| left ventricle is defined, with faint opacification of the anterior descending branch. D, Clearly 
defined areas of opacification in the approximate situation of the Ivalon sponge sheets which 
| had been placed on the left ventricle. 
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Fig. 3. 








Fig. 4. 


Fig. 3.—Photomicrograph of the heart of animal No. 653, showing Ivalon sponge on the 
surface of the myocardium containing India ink injected through the left subclavian artery. 

Fig. 4.—Photomicrograph of myocardium of animal No. 653, showing India ink in the 
vessels of the myocardium which was injected through the left subclavian artery one year after 
the animal survived left coronary artery constriction and Ivalon sponge operation. 
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Fig. 6 


Fig. 5.—Photomicrograph of a section of the heart of animal No. 838, showing sponge 

Spaces lined by endothelium and containing red blood cells. This study was made 176 days 
after operation. 
f Fig. 6.—Photomicrograph of heart of animal No. 711 in which Bellman-Frank mass was 
injected into the left anterior descending coronary artery distal to the point of Ameroid coro- 
nary artery constriction. Note the Bellman-Frank homogeneous mass filling the sponge inter- 
stices 12 months after operation. 
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placed in formalin so that whatever blood was present would remain withi) 
the sponge interstices. It should be noted that the sponge, at the end of ; 
year, remained soft and pliable. Although there was some ingrowth of fibrou: 
tissue, there were still large numbers of spaces within the sponge lined b; 
endothelial cells and containing red blood eells (Fig. 5). Having establishe: 
the presence of endothelium-lined spaces containing red blood cells within 
the interstices of the Ivalon sponge, our next task was to find out with wha 
these blood-containing spaces connected. 

Coronary Artery-Sponge Myocardial Anastomoses.—Demonstration of coro 
nary artery-sponge myocardial anastomoses has been performed on many 
animals by injecting the anterior descending and circumflex arteries distal to 
the points of Ameroid occlusion with the Bellman-Frank mass. The mass 
enters the sponge network but none appears to have gone beyond the sponge 
out into the pericardial vessels (Fig. 6). This may be due to the fact that 
the injection mass rapidly fills the arteriolar system of the left ventricle and 
appears in the left ventricular lumen, projecting through many lumina. X-ray 
studies of such injections have been made, and a strange arrangement ot 
arteriolar vessels has been disclosed. 





A. B. 


Fig. 7.—A, Roentgenogram of a normal animal's heart following injection of the coronar) 
arteries with Bellman-Frank mass. B, Roentgenogram of the same heart unrolled. 
Development of Arterioluminal Vessels, Homocoronary and Intercoronary 

Anastomoses by Ivalon Sponge Operation—When the left ventricular arteriolar 

system is injected through the anterior descending and cireumflex arteries 

with the Bellman-Frank mass, in normal hearts, a few vessels are seen to 
enter the left ventricular lumen but, for the most part, the arteriolar architec- 
ture in the myocardium of the normal heart is arranged in an irregular mosaic 
of semicircles and so forth, with some homocoronary anastomoses and a fev 
intereoronary anastomoses (Fig. 7). When a similar study is carried out 
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distal to the points of anterior descending and circumflex coronary artery 
Ameroid narrowing in animals that have died, the picture is about the same 
exeept for the development of a few more intercoronary anastomoses (Fig. 
8). The same is true of injection studies made upon animals that have died 
from Ameroid constriction following the Beck I operation, or, for that matter, 
in animals surviving Ameroid constriction with coronary sinus partial ligation 
and internal mammary artery implantation. The implant, when injected, 
fills the entire left coronary artery tree, but there are few if any studies that 
we have made over the years in which the injection mass outlines the vessels 
leading to the ventricular lumen. In the sponge-treated hearts of animals 
that have died or survived Ameroid constriction of the two main left coronary 
arteries, injection studies reveal parallel rows of vessels which leave the 
surface coronary arteries and appear to run directly into the left ventricular 
lumen (Fig. 9). These are extremely numerous and are not only noteworthy 
because of their arrangement, which is at right angles both to the inner and 
outer surface of the two ventricles, but because of their numbers and the 
frequency with which they anastomose with each other 





Fig. 8.—Roentgenogram of coronary artery injection with Bellman-Frank mass in a con- 
trol animal that died as a result of myocardial ischemia caused by constricting coronary Amer- 
oids. Note the few intercoronary anastomoses and the irregular pattern of homocoronary anas- 
tomoses. There are a few arterioluminal vessels. 


Histologic studies of these sponge-treated hearts reveal the presence of 
a rather large number of vessels which, starting in the region of the sponge, 
can be followed directly into the ventricular lumen (Fig. 10). Others leave 
the sponge area and lose their arterial character to merge with endothelium- 
lined spaces lying between myocardial muscle bundles (Fig. 11), myocardial 
sinusoids. Perhaps the most unusual characteristics of these hearts is the 
looseness of the myocardial fiber arrangement. A comparison between the 
myoeardial fiber arrangement in a normal heart and in a sponge-treated heart 
is shown in Fig. 12. 
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Venous Sponge Myocardial and Pericardial Anastomoses.—Retrograd: 
injection of the coronary sinus with India ink showed ink in the pericardiun 
and, in the sponge, and where the sponge was in contact with the myocardiun: 
the India ink entered the left ventricular wall. Thus the venous tributarie 
of the coronary sinus appear to have formed connections with vascular spaces 
within the sponge. 





Fig. 9.—Roentgenogram of Ivalon sponge in the heart of an animal in which the anterior 
descending and circumflex arteries were injected with Bellman-Frank mass distal to ameroid 
constriction and right coronary artery. Intact heart showing numerous vessels leaving the 
surface of the coronary arteries and running toward the ventricular lumen. Note the number 
of these and their tendency to palisade and form numerous intercoronary anastomoses. 


REVERSION TO A PRIMITIVE TYPE OF HEART 


The original purpose in using Ivalon sponge on a bared myocardium in 
direct contact with myocardiosinusoidal spaces on one side and the exposed 
vessels of the pericardium on the other was to encourage vessels to grow 
from the pericardium through the sponge into the myocardium when there 
was myocardial ischemia. It was thought that the Ivalon sponge would act 
as a framework for the growth of vascular tissue between extracardiae vessels 
and the myocardium. In addition, there have been other changes which ap- 
pear to be related to leaving a spongelike network in contact with the bared 
heart muscle. Some of these changes are as follows: 

1. Injection and histologic studies indicate that there are an unusual 
number of vascular spaces which develop to connect with the coronary ar- 
teries on one side and the ventricular lumen on the other. These appear to 
be both arterioluminal and myocardiosinusoidal vessels. 
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Fig. 10. 





Fig. 11. 


Fig. 10.—Low power histologic section of the heart of animal No. 685, showing numerous 
communications between the surface of the left ventricle in the region of the sponge and the 
left ventricular lumen. The sponge contains Schlesinger mass injected through the anterior 
descending coronary artery distal to the point of Ameroid constriction. 

: Fig. 11.—High power Photomicrograph of the heart of animal No. 685, showing Schles- 
inger mass in large myocardial sinusoids which had been injected through the anterior descend- 
ing coronary artery. 
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Fig. 12.—Photomicrograph showing arrangement of muscle fibers of the myocardium in 
(A) a normal heart, and (B) a sponge-treated heart. Observe what appear to be innumerable 
openings from the left ventricular lumen into the left ventricular wall. Perhaps these are 
enlarged Vieussens’s arterioluminal vessels. 
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2. The ventricular myocardial fiber bundles appear to have loosened, and 
at times appear similar to the arrangement seen in an edematous heart. 

3. There is injection evidence to indicate that the presence of Ivalon 
sponge stimulates the myocardium to return to the conditions existing within 
a primitive heart. 

Through the intermediary of the sponge, arterial and venous vessels from 
extracardiac sources communicate with a markedly changed myocardium 
whose vasculature now resembles the trabeculated primitive heart so that 
they communicate from the Ivalon sponge into the ventricular lumen. 

A review of the literature and our own data collected during the past 
14 years concerning the arrangement of vascular channels within the human 
and the animal heart has led to an old-new concept. 


THE ARTERIOLES OF VIEUSSENS 


The work of Vieussens,° done in the year 1706, describes the presence 
of openings in the lumen of the left ventricle which disappear into the left 
ventricular wall. Vieussens injected the left coronary artery with saffron 
dye dissolved in spirits and found that it appeared in the left ventricle, 
emerging from one of these openings. These openings in the lumen of the 
left ventricle were considered to be direet branches of the main coronary 
artery which emptied into the lumen of the left ventricle. Thebesius,® 2 years 
later in 1708, deseribed openings in the walls of the ventricles and auricles 
which connected with the coronary veins. The sad part of the story is that, 
following Thebesius’s communication, all openings leading from the lumen 
of the heart chamber have since been referred to as the Thebesian canals. 
Others attempted to confirm the presence of arterial luminal vessels, as de- 
scribed by Vieussens, and, having failed to do so, concluded that they did 
not exist. The arteriolar luminal vessels of Vieussens were thus completely 
forgotten until Wearn and his colleagues* *'° became interested in the vascu- 
lar spaces and vessels within the heart wall. The coronary artery network 
was outlined by these brilliant workers. They injected a celloidin mass into 
the left coronary artery and, at the same time, filled the left ventricle with 
celloidin of a diffierent color. By digesting the heart muscle away with hy- 
drochloric acid Wearn was able to obtain a cast of the ventricular lumen 
and of the coronary arteries. In these casts which were made of human 
hearts Wearn demonstrated most clearly coronary artery branches joining 
the east of the ventricular lumen. 

Similar studies were made by injecting the coronary sinus. In some 
hearts following injection serial histologic sections were taken and a wax 
model of various vascular channels was built up. 

Although complete details of how Wearn reached his conception of the 
myoeardial circulation are beyond the scope of this article, certain essential 
points of his work must be mentioned. They are essential in order to under- 
stand our present concept of the myocardial circulation. 
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Wearn has shown that there are two definite types of arterial vessel 
which serve as communicating channels between the coronary arteries an 
the heart chambers. The first of these are known as the arterioluminal vessel 
(Fig. 13), and the second have to do with the arteriosinusoidal vessels (Fig 
14). 
ARTERIOSINUSOIDAL VESSELS AND MYOCARDIAL SINUSOIDS 


Arteriosinusoidal vessels are branches of coronary arteries which gradu- 
ally lost their original character through changes in their walls due to thi 
loss of media, thinning of the intima, and the gradual disappearance of the 
adventitia. Such vessels which break up into channels whose lumina are very 
irregular were named by Wearn myocardial sinusoids (Fig. 15). The walls of 
these channels are very thin, made up of endothelium reinforced by a mini- 
mum amount of subendothelial connective tissue. The diameter of these 
channels may vary from 50 to 250 microns. The characteristics of these 
vessels are identical with those of sinusoids, as described by Minot* in 1900. 
Thin walls lie in close contact with the heart muscle, running between bundles 
of muscle fibers and, at times, between the fibers themselves. The myocardial 
sinusoids run a meandering course, anastomosing freely with one another and 
not infrequently with the capillaries and, it should be noted, open into the 
lumen of the ventricle either directly or through a common opening. When 
closed and empty, the myocardial sinusoids may resemble closely, and are 
easily mistaken for, strands of fibrous tissue. Wearn® states, ‘‘The similarity 
of the walls of the ‘myocardial sinusoids’ to those of capillaries and the some- 
what similar distribution between, and in close contact with, muscle bundles 
and muscle fibers would indicate that the ‘myocardial sinusoids’ play a defi- 
nite rdle in supplying parts of the heart with blood.”’ 

The myocardial sinusoids were described as existing in animal hearts by 
Wearn in 1933, but their existence has been denied by most workers until, at 
MeGill in 1945, Vineberg reported implanting the left internal mammary 
artery into the wall of the left ventricle with either the end of the artery or 
intercostal branches open and bleeding freely into the myocardial tunnel 
through which the internal mammary artery had been drawn. The implanted 
arteries not only remained open but, much to everyone’s surprise, sent out 
branches which anastomosed with those of the surrounding coronary vessels. 
Thus, a large systemic artery was left open and bleeding in the wall of the 
ventricular myocardium, and yet, in no single instance, in either animal or 
human hearts, was there a myocardial hematoma. This fact was first pointed 
out by the late Lyman-Duff and confirmed by MacMillan. No explanation 
of this phenomenon was available until the work of Wearn and his associ- 
ates was found in the literature. It is now clear to us that an implanted 
internal mammary artery remains Open because it bleeds into numerous myo- 
eardiosinusoidal spaces which have been broken into during preparation of 
the intramyoeardial tunnel to receive the implant. 

These myocardiosinusoidal spaces have been seen in the hearts of human 
beings. One of our patients with an internal mammary artery implant died 








Volume 47 IVALON SPONGE FOR MYOCARDIAL REVASCULARIZATION 983 


Number 2 











Fig. 13.—Photograph of a wax plate which represents reconstruction of a section of a 
human left ventricular wall near the apex, in which is shown the common opening (C) through 
which serial ‘“‘arterioluminal” vessels and myocardial sinusoids open into the lumen of the ven- 
tricle. Several intertrabecular spaces (JS) are shown. The wax has been dissected away to 
show the arteries A}, A%, and A* which communicate with the cavity through the common open- 
Se ca Wearn, J. F., Mettier, S. R., Klump, F. G., and Zschiesche, L. J.: Am. Heart J. 
9: q 3.) 
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Fig. 14.—Top, Photograph of a wax plate reconstruction of the arteriosinusoidal vessel 
and the myocardial sinusoids. A1 is an artery; AS: is a branch of the artery which empti¢ 
directly into the common opening (CO) which is an in-pouching of the endocardium of the left 
ventricle. End. is endocardium; MS is myocardial sinusoid; CO is common opening; AS 
arteriosinusoidal vessel; A is artery; OMS is opening of a myocardial sinusoid into the lume! 
of the ventricle. Bottom; A photograph of one of the serial sections from which the model wa 
reconstructed. (From Wearn, J. F., Mettier, S. R., Klump, F. G., and Zschiesche, L. J.: An 
Heart J. 9: 143, 1933.) 
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Fig. 15.—Top, Reproduction of photomicrograph published by Wearn in 1933. Ai is an 
artery which is shown branching into AS:. This branch AS: divides into myocardial sinusoids 
MS, which empty into the common opening CO, at OMS:. Right lower corner, Section of the 
arteriosinusoid vessel, AS:1, from which it arises, as shown. Left bottom, Shows opening of 
iyoeardial sinusoids into common opening. (From Wearn, J. F., Mettier, S. R., Klump, F. G., 
and Zschiesche, L. J.: Am. Heart J. 9: 143, 1959.) 
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82 hours after operation. At autopsy, the internal mammary artery was it 
jeeted with India ink, which eseaped from the implanted internal mammat 
artery through a side hole in the wall of the artery into a space around it su 
rounded by myocardial muscle, and from there it was found in surroundiny 
arterioles, capillaries, and even in what has been described as a myoecardio 
sinusoidal space (Fig. 16). 
ARTERIOLUMINAL VESSELS 


The second type of vessel communicating between the coronary arteries 
and the ventricular lumen observed by Wearn run much more directly from 
the coronary arteries to the lumen of the ventricle. The walls of these ves- 
sels are thicker than those of the arteriosinusoidal vessels; they retain 
their thickness at the point of entrance of the vessels into the heart cavity, 
and average 0.2 to 1.0 mm. in diameter. They appear in the atria and 
ventricles but are more numerous in the ventricles. Usually they arise 
from the main trunks of the coronary arteries during their course toward 
the apex of the heart. Many of the deeper branches of these arteries lying 
near the endocardium also frequently give off branches. Often as many as 
8 to 10 of this type of arterioluminal communicating branches were seen fol- 
lowing the course of the anterior branch of the left coronary artery from the 
base to the apex, and several openings were visualized near the apex of the 
ventricle. In one human specimen in which both ventricles were injected, 
communicating vessels passed from the left anterior coronary artery to both 
ventricular chambers. Some 6 to 8 vessels were found with great regularity 
in the upper two-thirds of the anterolateral surface of the right ventricle. 
These have not been demonstrated as often on the posterior surface of the 
heart but, in one well-injected specimen, there were six arteries seen enter- 
ing the right ventricle posteriorly. Many of these vessels terminated not 
only on the surface of the columnae acrueae but on the intereolumnar spaces 
as well. 

Most of the arterioluminal vessels ran a direct short course from the 
coronary artery to the heart cavity. However, some of these vessels gave off 
branches whieh broke up into capillaries. 

Thus Wearn settled the long controversy started by Vieussens in 1706, 
and proved that there are definite arterioluminal vessels which have no con- 
nection with the venous system or, for that matter, with the vessels described 
by Thebesius in 1708. Further, he showed that the arterioluminal, the myo- 
eardiosinusoidal, and the Thebesian vessels each reach the lumen of the ven- 
tricle through a separate opening. However, all three of these vessels fre- 
quently open into a common opening located at the heart cavity. 

Although the work of Vieussens and Wearn was severely criticized, and 
in some instances completely denied, we find no other basis to explain, first, 
the behavior of the implanted internal mammary artery and, now, the results 
of the Ivalon sponge operation. If the myocardial circulation is as outlined 
by Vieussens and Wearn, then there appears to be a persistence in the mani- 
malian heart of primitive channels similar to those through which the hearts 
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Fig. 16.—Photomicrographs of the heart of a patient who died 82 hours after internal 
mammary artery implantation, and in whom the internal mammary artery was injected with 
India ink at autopsy. (A) Shows space around opening in internal mammary artery lying in 
myocardial tunnel which contains India ink, and no evidence of hematoma. (B) Section show- 
ing India ink in arterioles and capillaries. (C) Section showing India ink in myocardio- 
Sinusoidal spaces. 
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of the hagfish and reptiles are nourished. The Ivalon sponge operation aj 
pears to have stimulated the re-opening of hundreds of these long-forgotte 
channels so that they communicate freely with each other within the hea: 
wall, with the ventricular lumen, and with the interstices of the Ivalo 
sponge. The mammalian heart becomes more spongelike in its vascular stru: 
ture so that, theoretically, it may receive extracardiace blood brought to 
from pericardial vessels through the sponge and perhaps even from the vei 
tricular lumen itself. 





theoretical mechanism of endo-cardiac nutrition 
in the ischemic heart after ivalon sponge operation 
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Fig. 17.—Drawing showing the arrangement of arterioluminal, arteriosinusoidal, and myo- 


cardiosinusoidal vessels, particularly their connection with the ventricular lumen. It is postu- 
lated that, during left ventricular contraction, blood is squeezed out of these vessels through 
the capillaries, leaving a large network of vessels comparatively empty and in contact with the 
left ventricular lumen during diastole, permitting the siphoning of blood into the heart wall. 


Let us examine this last possibility a little more closely. Following the 
application of the Ivalon sponge, there appears to be a great increase in the 
size and number of arterioluminal vessels which appear to traverse the en- 
tire thickness of the left ventricular wall to dip into the left ventricular 
lumen. These and other spaces such as the myocardial sinusoids which also 
open directly into the lumen of the left ventricle could act as channels 
carry oxygenated blood from the lumen of the left ventricle into the heart 
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wall. It is possible that blood could be siphoned back through these chan- 
nels (Fig. 17). With each myocardial contraction the capillaries and all 
other spaces are squeezed empty of their contained blood, which is sent along 
the various channels and out through the coronary sinus. During diastole, 
the numerous empty arterioluminal, arteriosinusoidal, and myocardiosinus- 
vidal vessels would have to be filled either from extracardiae sources or by 
siphonage from the ventricular lumen. It would seem that Ivalon sponge- 
treated ischemic hearts may receive their nutrition from both extracardiac 
and endocardial sources—a truly primitive vascular arrangement. 


RESULTS 


A total of 14 patients with coronary artery insufficiency have undergone 
Ivalon sponge operation—8 of these with Ivalon sponge alone and 6 in com- 
bination with internal mammary artery implantation. There were 4 patients 
with severe left ventricular failure and enlargement, all of whom have done 
well with the sponge operation alone. In the group there were 4 patients 
over 60 years of age who had the sponge operation only. Details of the elini- 
cal results are now being compiled. There has been no mortality in this 
group of poor-risk patients. The Ivalon sponge patients were out of bed 
on the fifth postoperative day, and at home within 2 to 3 weeks. The ma- 
jority of these patients are now free of pain, and seem to be improving every 


day. 
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AN ILLUMINATED SUCTION DEVICE 
M. Bert Myers, M.D., New ORLEANS, La. 
(Department of Surgery, Louisiana State University, New Orleans, La.) 
VEN though adequate illumination is an absolute necessity in all operativ: 
procedures, at times it is difficult te achieve. Besides the standard reflecting 
lights, numerous accessories have been devised, and each has its own field of 
usefulness. To add to these, an illuminated suction device* has been designed 
(Fig. 1), and in general operative work has proved quite valuable. 





Fig. 1.—Two views of illuminated suction device. Extra bulb shown. 


In its present form the instrument has the following features: (1) The 
suction device is 15 inches long and thus ean be used effectively in all abdominal 
and thoracic work. (2) An opening on the shaft allows thumb control of the 
strength of the suction. When left open there is no suction at the distal end 
and the instrument can then be used for illumination only. This is especially 
helpful in abdominal exploration, as it enables one to get a thorough view of the 
opposite end of the abdomen, a feat almost impossible by any of the conven- 
tional lighting means. (3) Illumination is from a 3.8 volt bulb with standard 
serew socket. Ordinary pocket flashlight bulbs (1.5 volts) ean also be used, 
but the light is much less satisfactory. Either a battery or rheostat can be used 

Received for publication July 23, 1959. 

NY *This instrument is available from American Cystoscope Makers, Inc., Pelham Mano 
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as a power source, provided that it is able to deliver the required 3.8 volts (some 
rheostat and battery outfits have a maximum output of 3 volts). Bulb life is 
iong and replacement easy. (4) The cord is a standard ACMI cord with a 
locking on-off switch at the junction. Bulbs have not been found to burn out 
prematurely by frequent switching on and off at full power. (5) The instru- 
ment, lights, and cord can be easily sterilized by soaking in any of the common 
antisepties. 

This instrument has been used now in many varied operative procedures 
and has often proved invaluable. In those operative procedures where adequate 
lighting is often difficult (as in vagotomy, cholecystectomy, abdominoperineal 
resections, lysis of adhesions at apex of chest, and others), the use of the instru- 
ment is obvious, but it has also proved especially helpful in abdominal explora- 
tion, not only for general investigation but also in searching for bleeding points 
occurring during operative procedures, such as from splenic tears or areas of 
bleeding from points of severance of adhesions. 

The light may also be used for transillumination of bowel or mesentery 
and, if it is handy on the table, one is more likely to use this adjunctive measure. 


SUMMARY 


An illuminated suction device has been presented and in general operative 
work its use has proved helpful and, at times, invaluable. 
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TRANSPLANTATION OF THE HOMOLOGOUS CANINE HEART: 
SERIAL STUDIES OF MYOCARDIAL BLOOD FLOW, OXYGEN 
CONSUMPTION, AND CARBOHYDRATE METABOLISM 


KeitH ReEEmtTSMaA, M.D., Jose P. DetGapo, M.D., anp 
OscaR CREECH, JR., M.D., New ORLEANS, La. 


(From the Department of Surgery, Tulane University School of Medicine) 


HE canine heart offers several advantages in the study of organ trans- 

plantation. First, the period of survival can be determined rather pre- 
cisely ; and, second, the blood supply may be arranged in a manner which per- 
mits sampling of blood on the arterial and venous sides of the transplanted 
organ. The present study was designed to evaluate serial determinations of 
myocardial blood flow, oxygen consumption, and glucose and lactate metabo- 
lism of the transplanted canine heart. 


MATERIALS AND METHODS 


The donor animals were pups 500 to 1.500 Gm. in weight. Following administration 
> > 


of intraperitoneal Nembutal (15 mg. per kilogram), a bilateral subcostal 
splitting incision was made and 5 mg. of heparin was injected into the superior vena cava. 


or sternum 


The venae cavae and pulmonary veins were ligated and divided, and the aorta and pulmo 
nary artery were isolated (Fig. 1, B). The recipient animals, weighing from 8.7 to 14.2 
Kg., were anesthetized with Nembutal, ¢ 
Through a longitudinal cervical incision the common carotid artery and external jugular 


30 mg. per kilogram administered intravenously. 


vein were isolated. The proximal common carotid artery and the distal jugular vein were 
ligated. Following the application of vascular clamps, these vessels were divided (Fig. 
1, 4). The aorta of the graft was anastomosed to the distal common carotid artery, and 
the pulmonary artery of the graft was anastomosed to the proximal external jugular vein 
(Fig. 1, C). A total of 27 cardiac transplantations were performed in this series. 
Myoeardial blood flow was measured by the venous outflow principle. Following 
the proximal external jugular vein, the outflow of blood from the 
transplanted heart was withdrawn from the jugular vein of the host, to which the pulmo 
nary artery of the graft was anastomosed, for a measured period of time (Fig. 2). Myo 
eardial blood flow in milliliters per 100 Gm. of heart weight was then derived by ap- 


temporary occlusion of 


propriate calculations. 
Samples for oxygen content and for glucose and lactate levels were withdrawn simul 


taneously from the carotid artery and from the temporarily occluded external jugular vein 
Supported in part by grants from the Louisiana Heart Association and National Insti- 
tutes of Health, H-3545 and H-2628. 
- Read at the Thirteenth Annual Meeting of the Society for Vascular Surgery, Atlantic 
City, N. J., June 7, 1959. 
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of the host (Fig. 2). Determinations of oxygen content, glucose, and lactate were per- 
formed according to standard laboratory methods.1, 9,23 Determinations of blood flow and 
withdrawal of samples for analyses were performed 30 minutes after the resumption of normal 
heartbeat and at 24-hour intervals thereafter. 
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Fig. 1.—A, The external jugular vein and common carotid artery of the recipient are 
isolated. The vein is ligated distally and the artery proximally. B, The heart is removed 
from the donor following ligation and division of venae cavae and azygos vein. The pul- 
monary veins (not shown) are ligated and divided. The pulmonary artery and aorta are 
divided at the level of the transverse sinus. C, The pulmonary artery of the graft is 
anastomosed to the external jugular vein of the host, and the aorta of the graft to the com- 
mon carotid artery of the host. The internal carotid artery is ligated. 
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Attcr Downie 
Fig. 2.—Diagram of the route of blood flow through the transplanted heart. Arterial 
blood passes from the carotid artery of the host into the aorta of the graft, through the 


coronary circulation, and into the right heart. Blood is returned to the host through the 
pulmonary artery of the graft and the jugular vein of the host. 


RESULTS 


Of the 27 transplanted hearts, 19 survived 24 hours, 13 survived 48 hours, 
10 survived 72 hours, 5 survived 96 hours, 2 survived 120 hours, and one sur- 
vived 144 hours. 
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Myocardial Blood Flow.—The mean value for myocardial blood flow of the 
transplanted heart was 160 ml. per 100 Gm. of heart per minute during the eon- 
trol period. In the majority of the experiments blood flow remained relatively 
constant (Fig. 3). Mean values at 24 hours were 160, at 48 hours 180, at 72 
hours 190, and at 96 hours 140 (Table I). 
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Fig. 3.—Diagram of serial determinations of blood flow through the transplanted heart. 
These values are expressed as percentage of blood flow during the control period. In the 
majority of experiments blood flow remained rather constant throughout the period of sur- 


vival. 
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TABLE I. 
EXPERIMENT NUMBER | CONTROL | 24 HR. | 48 HR. 72 nr. | 96HR. 120 HR. 144 HR. 
ae 100 100 100 

2 110 110 
3 80 110 
4 220 
D 150 
6 120 
7 120 
8 170 110 130 130 130 
) 120 100 60 20 30 20 
10 160 150 200 200 200 
11 110 
12 160 160 °7() 270 
13 340 
14 50 
15 370 330 330 270 
16 160 160 
17 200 200 200 200 
IS 160 160 130 
19 170 
20 190 160 140 
21 130 
22 180 180 180 250 
23 60 30 
24 150 180 180 220 180 150 150 
25 130 130 170 130 170 
26 200 330 
27 200 270 200 200 
Number observed 27 18 13 10 5 2 ] 
Mean 160 170 180 190 140 
Standard deviation 69 7 68 72 61 
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Oxygen Consumption.—The mean value for oxygen consumption during the 
control period was 7.3 ml. per 100 Gm. of heart per minute. Individual de- 
terminations, mean values, and standard deviations are shown in Table IT, and 
the individual trends are shown in Fig. 4. There was considerable variation, 
hoth in control values and in serial determinations in individual eases. For 


this reason, mean 


¢ 
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values are probably of slight significance. 
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Fig. 4.—Diagram of serial determinations cf myocardial oxygen consumption in the 


transplanted heart. 
the control period. 
hours. 


TABLE IT. 


These values are expressed as percentage of oxygen consumption during 
There is a wide variation in oxygen consumption, particularly after 48 


OXYGEN CONSUMPTION IN MILLILITERS PER 100 GM. OF HEART PER MINUTE 














EXPERIMENT NUMBER | CONTROL | 24 HR. | 48 HR. | 72 HR. | 96HR. | 120HR. | 144k. 

] - 3.8 4.9 

2 3.5 

3 8.5 6.7 

a 8.9 

5 15.3 

6 16.3 

7 5.5 

8 2.9 4.6 - - 5.8 

9 7.2 8.6 2.4 - 1.2 

10 7.4 3.3 4.2 1.5 4.0 

1] 5.8 

12 0.6 1.8 1.5 2.7 

13 6.8 10.7 

14 2.5 

15 1.2 6.5 8.6 12.1 

16 4.6 3.3 

17 6.4 8.5 8.2 7.2 

18 11.6 3.4 3.1 

19 10.2 

20 17.6 8.0 6.9 

21 13.4 

22 4.3 6.9 5.6 11.9 

23 3.6 2.6 

24 7.9 8.0 11.0 5.3 - 15.0 

25 2.8 3.7 12.4 6.3 3.0 

26 7.4 6.0 
: 27 7.3 7.1 2.7 3.8 
Number observed 26 18 12 8 4 - 1 
Mean 7.3 5.9 5.9 6.6 3.5 
_ Standard deviation 4.4 2.4 3.5 3.6 1.6 
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Glucose Utilization The mean value for glucose consumption during th 
control period was 14.6 mg. per 100 Gm. of heart per minute. Individual de 
terminations, mean values, and standard deviations are shown in Table IT] 
There was moderate variation in the glucose utilization in the control determi 
nations and in the individual experiments (Fig. 5). Glucose utilization was 
not closely correlated with arterial glucose levels or with oxygen consumption. 
The wide variation makes mean values of questionable significance. 
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Fig. 5.—Diagram ef serial determinations of glucose utilization in the transplanted 
heart. These values are expressed as percentage of control figures. In the majority of ex- 
periments there was decreased glucose utilization during the first 48 hours, although consid- 
erable variation is present throughout. 


TABLE III. GLUCOSE UTILIZATION IN MILLIGRAMS PER 100 GM. OF HEART PER MINUTE 
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Lactate Metabolism.—Determinations of lactate levels are shown in Table 
[V. In the majority of experiments lactate was produced rather than con- 
sumed, both during the control period and in subsequent observations. These 
values showed considerable variations and were not correlated with arterial 


lactate or glucose levels. 


TABLE IV. LACTATE METABOLISM IN MILLIGRAMS PER 100 GM. HEART PER MINUTE 








| | | 








EXPERIMENT 
NUMBER CONTROL 24 HR. | 48 HR. 72HR. | 96 HR. 120 HR. 144 HR. 


7.9* 





48.2 
10.2 


9 
10 
1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


27 4.7 


*Values for lactate consumption; all other figures indicate lactate production. 
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DISCUSSION 

The heart has received relatively little attention in the field of organ 
transplantation. Carrel* described cardiae transplants in 1907, and Mann and 
associates’® in 1933 reported a technique for cervical transplantation of the 
homologous canine heart. Sinitsyn** in 1948 described a new technique for 
transplantation in which the coronary cireulation of the graft was provided 
by the action of its own left ventricle. The method of Mann and associates, 
however, has been used most extensively to study the period of survival and 
patterns of failure of transplanted hearts.® ‘17 18 22:26 The present study, 
utilizing a modification of Mann’s technique, was designed to investigate serial 
alterations of myocardial blood flow, oxygen consumption, and glucose and 
lactate metabolism in transplanted canine hearts. 

Mean myocardial blood flow during the control period, 30 minutes after 
the resumption of the heartbeat in the graft, was 160 ml. per 100 Gm. of heart 
per minute. In the majority of cases, flow remained relatively constant 
throughout the period of observation. This flow rate is in the range reported 





998 REEMTSMA, DELGADO, AND CREECH ebro ee 
by Katz and co-workers” using the heart-lung preparation, by Lee and Webb 
in the transplanted canine heart, and by Spencer and colleagues*’ in the un 
anesthetized dog. The latter group utilized the nitrous oxide method con 
bined with coronary sinus catheterization. 

Oxygen consumption showed marked variation, both during the contro 
period and in subsequent observations. The mean oxygen consumption dui 
ing the control period was 7.3 ml. per 100 Gm. of heart per minute, with sligh' 
change in the mean values up to 72 hours, although individual determinations 
showed considerable variation. Other investigators,” * * *° using various tech- 
niques, have reported wide variations in myocardial oxygen extraction. One 
factor known to alter oxygen consumption is the work load of the heart. A! 
though the left ventricle theoretically is bypassed in this preparation, vary- 
ing degrees of aortic valvular incompetence have been observed with filling 
of the left ventricle. This variable but unquantitated work load may account 
for the divergent values for oxygen consumption observed in this study. 


LACTATE METABOLISM 
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Fig. 6.—Diagram showing values of lactate consumption and production. Control values 
represent determinations of lactate production or consumption of the transplanted heart 30 
minutes following resumption of the cardiac beat. In the majority of experiments lactate 
was produced rather than ccensumed. 


Numerous studies have been directed toward analyzing the carbohydrate 
metabolism of the heart. Some variations in values reported for glucose and 
lactate extraction by the heart may be attributed to the preparation used. 
Extensive studies have been reported utilizing the technique of coronary sinus 
eatheterization.2, Other methods involve the use of the heart-lung prepara- 
tion® 2° or the isolated heart.” *! Myocardial glucose extraction rates of 200 
to 455 mg. per 100 Gm. of heart per hour have been reported in heart-lung 
preparations, whereas glucose consumption of 70 mg. per 100 Gm. per hour 
was reported by Evans* ® using an artificial oxygenator. He attributed the 
higher extraction rate in the heart-lung preparations to the consumption of 
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glucose by the lung. The mean value for glucose consumption in the control 
period reported here corresponds with values previously obtained in the trans- 
planted heart,’ although it is somewhat higher than has been reported in the 
isolated perfused organ.'' The wide variation in myoeardial glucose extrac- 
tion in the present series was not correlated with arterial glucose levels. 

The myocardial utilization of laectie acid has been investigated in various 
types of preparations.” * * * 1% 113,15 Most of these studies have indicated 
that lactate is utilized by the heart and that the degree of lactate utilization 
is related to the arterial lactate level. However, lactate production, rather 
than consumption, was observed in the majority of experiments in this study. 
Lee and Webb** also noted negative lactate balance soon after the resumption 
of the heartbeat, although they observed that lactate balance usually became 
positive after 30 minutes. Recently, Jesseph and co-workers reported that the 
isolated perfused dog’s heart did not utilize lactic acid. The present studies 
suggest that lactate consumption is impaired following the transplantation 
of the heart, and that this metabolic derangement persists for at least 72 hours. 


SUMMARY 
1. Transplantation of the homologous canine heart was performed in 27 
experiments, with serial determinations of myocardial blood flow, oxygen econ- 
sumption, and glucose and lactate levels at 24-hour intervals following trans- 
plantation. 


2. Mean myocardial blood flow was 160 ml. per 100 Gm. of heart per min- 
ute during the control period following transplantation. In the majority of 
experiments, blood flow remained relatively constant during subsequent peri- 


ods of observation. 

3. Mean oxygen consumption was 7.3 ml. per 100 Gm. of heart per minute 
during the control period. Mean glucose consumption was 14.6 mg. per 100 
(im. of heart per minute during the same interval. There was wide variation 
in oxygen and glucose consumption in various experiments. 

4. Serial determinations of lactate levels demonstrated an initial negative 
lactate balance in the majority of experiments. This production of lactate 
persisted during subsequent periods of observation. 

5. It is suggested that one of the metabolic abnormalities associated with 
‘ardiae transplantation is derangement of the lactate utilization mechanism, 
and that negative lactate balance persists despite well-maintained blood flow. 
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EXPERIMENTAL AND CLINICAL USE OF A MEMBRANE 
OXYGENATOR 


THomaAs O. GENTSCH, M.D., RAaymonp K. Bopp, M.D., Joun H. Srecez, M.D., 
MuzarFer Cev, M.D., AND WILLIAM W. L. GLENN, M.D., New HAVEN, CONN. 


(From the Department of Surgery, Yale University School of Medicine) 


XTRACORPOREAL oxygenation of the blood has been accomplished satis- 
factorily by numerous different techniques. The most popular method at 
present is the filming of the blood over a series of rotating dises or on station- 
ary screens in an atmosphere of oxygen. Other well-known methods include 
the bubbling of oxygen through the blood and the passage of oxygen into the 
blood through a thin plastic membrane. The latter is similar in principle to 
the lungs and has the theoretical advantages inherent in the oxygenation of 
the blood without direct blood-gas contact. These advantages inelude the 
avoidance of deproteinization of the blood and injury to the cellular elements 
that oceur with turbulent gas-blood mixing. This type of oxygenator also 
permits the easy maintenance of a fixed volume of blood in the extracorporeal 
circuit. 

There are, thus far, but a few reports on the use of the membrane oxy- 
genator. Kolff and co-workers'* have reported a modification of their arti- 
ficial kidney as a means of oxygenating the blood. The large volume of blood 
necessary for priming was impractical and, although this oxygenator was ap- 
plied to a few patients by Effler and associates,’° no further report of its use 
has appeared. Clowes and Neville,* * also applying the principles of an arti- 
ficial kidney, have reported on their extensive laboratory and elinieal expe- 
rience with the use of a membrane oxygenator. They have investigated the 
properties of many different plastic membranes and have found that Teflon 
film, 0.25 to 0.75 mil thickness, is highly permeable to oxygen. Other proper- 
ties of Teflon, notably its nonwettable surface, inertness to chemicals, and re- 
sistance to heat, make it a desirable membrane surface for contact with blood 
in an oxygenator. Clowes and co-workers? clearly demonstrated the efficiency 
of their apparatus in oxygenating blood. They also found that Teflon was 
less permeable to carbon dioxide and that about 20 per cent more surface area 
was needed for removal of CO. than that necessary for adequate oxygenation. 
Peirce’? has recently demonstrated that at low temperatures and reduced 
blood flow removal of carbon dioxide from the blood by the membrane oxy- 
genator is adequate and can be accomplished without increasing the membrane 
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area from that required for oxygenation. 





Surge 
February, 19 


CEV, AND GLENN 


Lewis’ has reported the passin 





of blood between sheets of polyethylene membrane enclosed in a chamber fill: 
with humidified oxygen. A modification of the Clowes apparatus with alters 
tion of the blood distribution system and the design of the supportive mat 
has been deseribed by Crescenzi and colleagues." 

Because of the theoretical advantages and despite several difficult teel 
nical problems, we believed the membrane oxygenator warranted investiga 
tion. Exeept for those of Clowes and his group* and Effler and his group, 
there have been no clinical reports on the use of a membrane oxygenator. In 
view of this paucity of reports, we believe the results of our own experimental! 
and clinical experience with the membrane oxygenator should be reported 
We have also made certain comparisons of the clinical application of the mem- 
brane oxygenator with a dise oxygenator currently in use in our ¢linie. 
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Fig. 1.—Diagrammatic outline of the extracorporeal circuit developed to allow sumping 
of cardiotomy blood losses and the return of these losses to the oxygenator circulation. This 
circuit was altered for the disc oxygenator by the elimination of the venous pump and shunt 
and utilizing direct gravity feed from the external reservoirs to the oxygenator reservoir. 


EXPERIMENTAL STUDIES 


Method.—A Clowes mat-type membrane oxygenator* was purchased and ex- 
periments were carried out in the laboratory for approximately 9 months prior 
to the first clinical perfusion. In the early laboratory experiments we used 
0.8 mil extruded polyethylene membrane in the form of a tube that had a flat- 
tened width of 12 inches. In the later experimental, and in all of the clinical 
perfusions, blood was passed between two sheets of cast Teflon film 0.5 mil 





*Cleveland Scientific Equipment Company, Cleveland, Ohio. 
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thick and 12 inches wide. Initially, the pumps in the system were the multiple 
finger compression type,* popularized by Lillehei and co-workers,” and the ex- 
tracorporeal circuit was identical to that recommended by Clowes.* In the later 
axperiments, and in 3 of the 4 human eases, the finger compression pump was 
replaced by a roller pump of the Van Allen-De Bakey type as modified by Leon- 
ard. The extracorporeal circuit was also modified to permit introduction of a 
reservoir for open gravity drainage of the systemic, coronary, and bronchial 
venous return (Fig. 1). 

Results.—This report will be limited to our experiences using 0.5 mil Teflon 
film as a membrane. A total of 25 canine experiments and 4 human perfusions 
were studied to evaluate the performance of the oxygenator. In 17 of the animal 
perfusions survival was sought and in all of the animal experiments cardiotomy 
was performed, usually with creation and repair of septal defects and frequently 
with potassium-induced arrest of the heart. Freshly drawn heparinized blood 
was used to prime the apparatus in both animal experiments and human per- 
fusions. 
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EXPERIMENTS 


Fig. 2.—The increase in concentration of plasma hemoglobin during total perfusion 


observed in consecutive animal experiments, using the Clowes membrane oxygenator and 0.5 
mil Teflon film. 

Change in blood elements: The plasma hemoglobin level varied greatly in 
the animal experiments, ranging from 0.1 to 7.32 mg. per cent per minute of 
bypass (Fig. 2). The plasma hemoglobin levels in the experiments in which 
the Leonard pump was used were still elevated (average of 0.97 mg. per cent 
per minute bypass) but were lower than those in the perfusions where the multi- 
fingered compression pumps were used. 

Blood trauma was also demonstrated by white blood cell counts and platelet 
counts. The white blood cell count usually, but not invariably, decreased during 
perfusion and averaged a fall from 9,500 to 6,700 or 29.5 per cent. Platelets 
consistently decreased in number with average changes from 214,000 to 101,600 
or 53 per cent. 

The apparent increase in blood destruction observed here as compared to 
the previously reported values‘ is probably related to the higher flows and driv- 
ing pressures needed when Teflon, rather than polyethylene, is used as a mem- 
brane. 

Oxygenation: Arterial oxygen saturation was consistently 90 to 100 per 
cent, especially when membrane leaks were not great. It was our impression, 


*Sigmamotor Company, Middleport, N. Y. 
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however, that the theoretical efficiency of the membrane was rarely reached 
This is borne out in Fig. 3 where the oxygen uptake in cubic centimeters pe: 
membrane unit (0.5 square meter surface area) has been compared to the theo 
retical potential uptake of 8 to 10 ¢.e. per membrane unit.’ 

Several factors alter oxygen transport and produce the inefficiency illus 
trated. The apparatus was constructed to have a 20 per cent surplus in surface 
area for the removal of carbon dioxide* making the need for oxygen pickup pe: 
membrane unit proportionately lower. Also, at a saturation in excess of 90 per 
cent, the oxygen dissociation curve flattens, indicating a reduced demand of tli 
blood for oxygen. It is shown in Fig. 3 that, if the oxygen demand is high, the 
oxygen passage will increase to or will even surpass the theoretical high. How 
ever, there are instances when oxygen demand is high but transport is low. This 
is often correlated with leaking into the oxygenator, or with other mechanical 
problems altering the oxygen or blood distribution to the mats and membranes. 
The maximum efficiency of the apparatus was not intentionally tested in the 


series of experiments presented. 
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EXPERIMENTS 


Fig. 3.—Representative oxygen saturations and the volume of oxygen diffusing across a 
membrane of 0.5 square meter surface area as observed in consecutive animal experiments 
using the Clowes type of membrane oxygenator and 0.5 mil Teflon film. Theoretical optional 
oxygen uptake was considered 8 to 10 ¢.c. per membrane per minute. 


Acid-base balance: With adequate oxygen saturation (over 85 per cent 
using polyethylene membrane‘), a normal loss of carbon dioxide oceurs. With 
the use of Teflon membrane, and despite a 20 per cent increase in membrane 
area over that needed for oxygen requirements, there is still an inerease in ¢ar- 
bon dioxide and lowering of pH (Fig. +). The pH drop was found to be tran- 
sient and corrected itself immediately after perfusion without the administration 
of intravenous bicarbonate. The blood carbon dioxide level averaged 16.9 mm. 
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per liter just prior to perfusion and had an average rise to 20.1 mm. per liter at 
the end of perfusion. The average change in buffer base, however, was less than 
1 mEq. per liter. 
PROBLEMS OF THE PUMP-OXYGENATOR 

The External Circuit—The external cireuit, as designed by Clowes,‘ offers 
the advantage of maintaining a completely closed system with a self-regulating 
shunt. The constant and pre-set circulating volume in the oxygenator and the 
open reversible shunt results in the quantitative bleeding of the recipient to 
equal the ‘‘arterial’’ outflow from the extracorporeal circuit. A problem with 
such a system is the management of coronary and bronchial venous return to 
the open heart and the difficulty of returning this blood to a closed system. 


135 
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BEFORE DURING AFTER 
EXPERIMENTAL PERFUSIONS 


Fig. 4.—Changes in the average pH during total perfusion as observed in a series of experi- 
mental animals, using the Clowes type of membrane oxygenator and high flows. 

The circuit adapted by our laboratory is illustrated in Fig. 1. It ineor- 
porates an open reservoir and gravity drainage of the cavae with a defoaming 
and settling chamber for return of blood removed from the open heart. The 
danger of an air-fluid level has been introduced, but the constant circulating 
volume of the oxygenator and regulating shunt have been maintained. 

Loss of heat from the blood passing through the apparatus was always ob- 
served. Preheating the apparatus in a warm room and internally heating the 
mats were considered but proved unsatisfactory in laboratory trials. A simple 
heat exchange unit as used by Clowes was therefore introduced into the external 
circuit. With this unit it was possible to maintain normothermic blood. In 
addition, a bubble trap—filter assembly was placed distal to both the heat ex- 
changer and the arterial pump. This trapped the debris as well as any bubbles 
formed by the sudden warming of cool arterialized blood. 

The changes admittedly add the potential complications of an air-fluid level 
and subtract from the autonomy of the apparatus. However, we believe that in- 
creased safety and versatility of the apparatus have been obtained. 


The Oxygenator.—The foremost problem of the oxygenator itself was mem- 
brane leakage. The leaks varied from an inconsequential pinhole to a small tear 
resulting in losses of blood in excess of 200 ¢.c. per minute, a situation obviously 
incompatible with continued use of the apparatus. Three forms of leaks were 
observed: those presenting externally because of poor gasket occlusion, those 
‘rom pinholes in the membrane, and those from tears in the membrane. The 
development of a leak during perfusion would result in an unmeasured blood 
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loss into the oxygenator and would reduce the gas exchange by flooding th« 
external surface of the membranes. The major source of leaks appeared to con 
from the tears in the membrane in the area of the blood distribution rings. Ii 
was also possible for blood to spread between the mats by way of the oxyge! 
inflow holes, and to flood the external surface of the other membrane units. Aj 
times, many of the membranes were thus rendered useless for the diffusion o| 
oases. 

It was thought that many of the leaks were inherent in the design of the ap- 
paratus. When a flow of 100 ¢.c. per minute per membrane unit was used, 
an inflow pressure of 200 to 300 mm. Hg was consistently found necessary to 
drive blood through the oxygenator. This pressure accentuated the small leaks 
as well as adding undue strain to the membrane at the inflow end. Some of 
the component parts of the oxygenator—the solid blood distribution rings, rub- 
ber washers, and laminated rubber mats—and the differences in compressibilit) 
of these parts produced internal shearing forees when the apparatus was “‘ bolted 
down.’’ The hand fabrication of the mats also added to the membrane stress by 
relatively large tolerances in dimensions. The assembly of the apparatus, as 
well as breakdown and cleaning, was time consuming and required meticulous 
care. 

The oxygenator was also considered inflexible to changes in flow and oxygen 
requirement. The fabrication of the apparatus for each perfusion was planned 
with respect to a specific flow and the oxygen need. However, with a reservoi' 
system, it was not unusual to have momentary marked inereases of returning 
venous blood resulting in reversal of flow in the shunt and desaturation of the 
arterial blood. 

Another problem of the membrane oxygenator is the high cost per perfusion. 
Teflon film costs 28 cents per running foot (0.5 mil thick and 13 inches wide).* 
An average adult perfusion with normothermia requires 240 to 250 feet, or ap- 
proximately seventy dollars for membrane alone. The replacement of the blood 
distribution rings and mats is an added expense not required by other oxy- 
genators. 

The difficulty of sterilization is another major problem. The Clowes mem- 
brane oxygenator presented the problem of sterilizing an instrument fabricated 
with heat labile materials. Initial experiments involved the filling of the oxy- 
genator with a solution of 1:1,000 aqueous benzalkonium chloride (Zephirin) 
or 1:1,000 monoxychlorosene.t These solutions were left in the oxygenator for 
12 hours. Positive bacterial cultures were occasionally obtained following sterili- 
zation in this manner. Methods of gas sterilization with ethylene oxide were, 
therefore, investigated. 

Ethylene oxide is a potent insecticide and bactericidal agent used in indus- 
try, the Armed Forces, and medicine.*: * '' ' 1% '5 Tt is highly volatile and ex- 
plosive but combines with water to form a stable, noninflammable compound 


*Dilectrix Corp., Farmingdale, N. Y. 
yWarexin, Guardian Chemical Company, Long Island City, N. Y. 
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ethylene glycol. This latter material has a toxic effect on the central nervous 
system and kidneys, but the LD,, dose for small animals is relatively high (2 to 
4 mg. per kilogram of body weight) .'° 

A series of studies was performed to evaluate commercial gas sterilizers* 
utilizing a varying ratio of ethylene oxide and carbon dioxide. The oxygenator 
was wrapped in cloth with all connectors and tubing attached prior to steriliza- 
tion. Variations in air and gas evacuation time, gas injection time and pressure, 
humidity, and temperature were studied. The cycle used ultimately was 13 
hours and 15 minutes and included a 12-hour period of exposure to 10 per cent 
ethylene oxide at a temperature of 105 to 110° F. and a pressure of 24 pounds 
per square inch, maintaining the relative humidity between 25 and 35 per cent. 
After completion of the sterilization cycle the apparatus was prepared for use 
and a sterile perfusate, usually a broth culture medium, was recirculated at the 
caleulated operational flows through the apparatus and external tubings. Ali- 
quots of the broth were aseptically taken every 15 minutes over a period of one 
hour and were cultured. Fourteen sterility experiments were performed. 

A second series of experiments was carried out to assay the concentration 
of ethylene glycol in the perfusate as well as toxicity studies on dogs using an 
intravenous infusion of 250 to 500 ¢.e. of the rinse solutions. 

It was found that effective sterilization was obtained even with intentional 
gross contamination of many of the oxygenator membranes with pure cultures 
of virulent organisms. The assays for ethylene glycol showed 0.87 to 4.28 mg. 
per cent in saline rinse solution (total doses administered ranging from 2.6 
to 12.8 mg.). Two animals were found to have some nonspecific renal tubular 
changes at postmortem examination. These changes, although not characteristic, 
were compatible with those of animals when larger amounts of ethylene glycol 
were administered.”° 

Ethylene oxide affects both plastic and rubber, causing them to swell. The 
rubber and plastic washers became enlarged after 30 minutes of submersion in 
liquid ethylene oxide. These changes were not completely reversible. Although 
the changes might be expected to be much less with the low concentration of 
ethylene oxide in the gas sterilizer, even minor alterations could result in mem- 
brane distortion and leaks. 

As a result of the studies described certain precautions were taken in han- 
dling the oxygenator. These included postponement of tightening the oxygena- 
tor top until after sterilization, thorough airing of the oxygenator, and passage 
of large quantities of saline rinse through the oxygenator and external circuit 
prior to use. 

CLINICAL STUDIES 


Comparison of Oxygenators.—In Table I are data from four elinieal per- 
fusions with the membrane oxygenator sterilized with ethylene oxide gas and 
similar data from four comparable perfusions using the heat-sterilized dise oxy- 
genator.’ All of these patients survived operation. One patient died on the 





*Through the courtesy of Davis & Geck, Danbury, Conn., and the helpful cooperation of 
Mesars. William O’Brian and Jerome Mitchell of the Seamless Rubber Company, New Haven, 
onn, 
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PATIENT OXYGENATOR AND PERFUSION DATA 
eam | — : 
| 
| THEORETICAL 
FLOWS OBSERVED BLOOD 
BODY | | OXYGEN NUMBER FLOW MEAN 
SURFACE | | OF NUMBER BYPASS 
LESION AND AREA | AGE BLOOD DISCS OF VOLUME RANGE 
OXYGENATOR (M.?) (YR.) | (C.c./MIN.) | (R.P.M.) | MATS} (C.c.) C.C. 
3 a lite 1 = 7 
169 2,730 
LASD 1.30 1 | 35 3,000 
Membrane 2 250 2. 400-3,.100 
») 
153 oe | 3.020 
LASD 1.53 14 —— - 3,900 
APVD 3,366t 116 3,000-3,160 
Dise 
3. | 
197 
LASD 1.52 ae on 30 3.500 2 000 
Membrane 2 400 
4. 
LASD 173 27 3,40 
APVD 1.73 35s ——. — 3,500 
Dise 3,806+ 105 3,650-3.900 
D. 
LASD 140.4 2 200) 
PS 1.08 14 —— 24 2,700 
Membrane 1,950 1,.800-2.400 
6. 
LASD 123 112 3,020 
PS 1.23 1] —- — 3,500 
APVD 2,706t 96 3,000-3,030 
Dise 
- 
67 1,350 
IVSD 0.69 5 —— 15 L.SO0 
Membrane 1,450 1.300-1,500 
8. 
72 66 1,725 
LVSD 0.72 5 — — 2 500 — 
Dise 1,684 96 1,700-1,750 
*Theoretical flow calculated based on L. Clark.! 
tTheoretical flow calculated at 2,200 ¢.c. per minute per square meter of body surface 


tEach mat represents 0.5 M.2 membrane area. 


fifth postoperative day with extensive bronchopulmonary hemorrhage. It should 
be pointed out that the same key personnel were involved in all perfusions, and, 
except for the use of a multifingered compression pump in the first clinical mem- 
brane perfusion, external cireuits including pumps and the heat exchanger were 
essentially identieal (Fig. 1). 
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Several points of comparison were noteworthy. 


Arterial oxygen saturation 


averaged 90 per cent in the membrane perfusions compared to 99 per cent in 


the dise perfusions. 


Venous saturations were also lower in the membrane oxy- 


genator perfusions with an average of 62 per cent and a high of 71 per cent 
as compared to an average venous saturation of 76 per cent and a high of 88 
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per cent of the dise oxygenator perfusions. The arteriovenous oxygen diffe: 
ences averaged approximately one volume per cent greater in the membrane pei 
fusions. The pH levels were consistently less than 7.3 during the membran 
perfusions with an average of 7.26. All pH values during the dise perfusion: 
were greater than 7.3 with an average of 7.38. The CO. and pCO, levels bot! 
rose in the membrane perfusions but changed little in the dise perfusions. 

Comparison of plasma hemoglobins was limited to the final values obtained 
in each perfusion. Perfusion times were nearly equivalent and the blood collee- 
tion techniques similar in the two groups. The average level was 73 mg. per 
cent in the four membrane perfusions as compared to 29 mg. per cent in the 
four dise perfusions. 


Dd. 





Fig. 5.—Experimental vertical membrane oxygenator. A, Belt of 0.5 mil Teflon placed on 
frame prior to stretching. a, Frame hinge; b, oxygen inlet; c, oxygen outlet; d. refilming 
weir. B, Teflon belt stretched taut. a, Frame hinge with locking pin in place; b, c, d, same 
as in A; e, groove for seating of polyethylene gasket. C, View of inflow weir, each narrowing 
to 15 mil. Note complete coverage of frame surface with membrane. D, Completely assembled. 
a, Oxygen inlet; b, oxygen outlet (both sides); c, arterial outflow; d, venous inflow; e, outlet 
to recirculating pump; f, inlet to weir reservoir; g, outlet for trapped air. 


VERTICAL MEMBRANE OXYGENATOR 

After reviewing our experiences with the mat-tvype membrane oxygenator 

a new design was sought that would allow high blood flows through the mem- 

brane with low resistance and minimal blood trauma. This prompted develop- 

mental work on several models of a vertical membrane oxygenator utilizing a 

minimum of membrane support. A basic reservoir system with a recirculating 

pump and system of free shunting of arterial blood to the venous side was 
adapted from the vertical screen oxygenator of Kay. 

The initial model used a continuous plastic film that was folded upon it- 

self between each supporting frame. This was discarded, however, since 
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egress of blood from the membranes was poor and the reservoir was in com- 
munication with the oxygen interspaces. The system was modified by the 
construction of frames that would allow the taut application of individual 
membrane belts isolating the gas compartment from the blood (Fig. 5). A 
weir was machined into the frames so as to allow the inflow and egress of 
blood in the membrane. Additional horizontal weirs were introduced to en- 
courage the re-formation of the blood film. Each membrane area measured 
(0.25 square meter, or a total of one square meter for the apparatus. 

Preliminary experiments of partial perfusions have been made on dogs 
with this apparatus. Teflon film 0.5 mil thick was used in these perfusions. 
Membrane flow was set at 2,000 ¢.c. per minute with an outflow to the recipient 
of 540 to 575 ¢@.e. per minute. Oxygen determinations have shown arterial 
saturations between 92 and 98 per cent. Oxygen uptake by the blood through 
the membrane has varied between 13.92 and 46.86 ¢.c. per square meter per 
minute, averaging 30.49 ¢.c. per square meter per minute. This is in consider- 
able excess of the expected oxygen transfer across the Teflon membrane.‘ 
Hemolysis was minimal, averaging 0.29 mg. per cent per minute of perfusion. 

Although the design of this oxygenator is promising, there must be addi- 
tional work done to perfect the apparatus. (At present a problem exists of 
airlocks and rivulet formation at the lower end of the membrane which re- 
duces the efficiency of the apparatus.) In any event, it may be impractical at 
present to provide a membrane surface area large enough to meet the require- 
ments of normal total blood flow in adults. On the other hand, the use of a 
smaller membrane oxygenator may be practical for total perfusion with hypo- 
thermia or for partial perfusion with normothermia. It is toward this end that 
our present experiments are directed. 


SUMMARY 


Our experience with one type of membrane oxygenator and the problems 
we encountered are discussed. Although we used the oxygenator successfully 
in four open heart operations, practical application was impaired by major 
problems: membrane leakage, difficulty of sterilization, loss of blood from the 
open heart necessitating replacement, time lost in preparation, high cost of 
materials, and, because of complexity of design, other mechanical troubles. 

Clinical perfusions with this membrane oxygenator were compared with 
similar clinical perfusions with a rotating dise oxygenator. The laboratory 
data indicate less derangement from normal during perfusion with the rotating 
dise oxygenator than with the membrane oxygenator. We do not believe, 
however, that this study reflects the maximum efficiency of an ideal membrane 
oxygenator. 

Beeause of the theoretical advantages, we believe further investigation of 
the membrane oxygenator is indicated. Also described are preliminary experi- 
ments with a vertical noncompression type of membrane oxygenator providing 
an efficient method of oxygenating blood. Whether objections to the use of a 
membrane oxygenator can be overcome or whether it will be necessary to 
place certain limitations on the application of the membrane oxygenator re- 
mains to be determined. 
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DISCUSSION 


DR. GEORGE H. A. CLOWES, JR. (Cleveland, Ohio ).—Only by employment of tech 
We are grateful 


to Dr. Glenn’s group for their interest and use of the membrane oxygenator which was 
developed in our laboratory. Despite difficulties which they have outlined, they persisted 


until their experience permitted logical conclusions to be made. 


As a matter of interest, for comparison, I should like to present the results obtained 


in our last 20 consecutive patients who were perfused with the membrane oxygenator. 


There were 3 


+ 
0 


3 deaths, in no instance directly attributable to the perfusion but rather t 


difficulties in surgical management. 


passing the blood through a Brown heat exchanger. Body temperatures ranged from 


Fourteen of these perfusions were carried out employing hypothermia induced )b 
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to 28° C. This permitted relatively low flows which resulted in less cellular damage to 
the blood and the use of a smaller oxygenator. In this group the priming volume of the 
apparatus was 1,700 c¢.c. for adults and about 1,200 ¢.c. for children. 

The length of total perfusion varied from 21 minutes to nearly 5 hours in one pa- 
tient. Exclusive of the latter, the mean was 36 minutes. The pH at the end of the per- 
fusions was 7.48 on the average. In those patients who required rewarming a period of 
partial perfusion of 20 to 30 minutes additional was required. At the end of this the 
mean arterial pH was 7.38. 

At the termination of the perfusion the free hemoglobin ranged from 13 to 46 mg. 
per cent with an average of 38. Dr. Kolff in Cleveland, using one of these oxygenators, 
found that when he recirculated human blood through it at the rate of 100 ¢.c. per unit 
per minute for 24 hours the free hemoglobin increased 3 mg. per cent per hour. This 


rather astonishing figure suggests that this type of apparatus is not particularly traumatic 
to blood. No trouble was encountered with restoration of clotting mechanism, and the 
platelets were reduced to about 50 per cent of the preoperative control value. 


One might ask why use a membrane oxygenator when other types are easier appar- 
ently to set up. We believe that the advantages are four: (1) comp!’ete absence of 
danger of gaseous emboli, (2) absence of fibrin formation, (3) fixed volume and automatic 
return of blood pumped into it making smaller priming volumes safe, and (4) relatively 
low level of blood trauma. The disadvantages such as leakage, difticulty of assembly, 
and sterilization Dr. Gentsch has mentioned. We have felt that this is an experimental 
type of apparatus and have told all visitors just that. However, it holds promise and with 
newer membranes and better design may well be the beginning of really safe and useful 
equipment. I hope we shall see many more types of membrane oxygenators developed in 
the near future to make perfusion safer and easier. 


DR. GLENN (closing).—One of our main reasons for presenting this work was to 
have the discussion of Dr. Clowes. We are grateful to him for discussing this paper in 
such detail and bringing out the points which everyone is so much interested in hearing 
concerning the development of this very important piece of apparatus. 

I should like to emphasize several points. If it is agreed that the support of the 
circulation by mechanical means will continue into the indefinite future, it must also 
be agreed that a continued search must be made for the ideal method of extracorporeal 
circulation and oxygenation of the blood. There can be no doubt that ideally the blood 
should pass through an extracorporeal circuit with as little trauma as in the heart and 
The exposure of blood directly to air, especially for prolonged 


blood vessels themselves. 
It is essential, therefore, that 


periods, is certainly unphysiologie and probably harmful. 
efforts to perfect a membrane type of oxygenator which will avoid the direct exposure 
of the blood to air should continue. 

Our preliminary experiments with the noncompressed Teflon membrane, stretched 
over frames and suspended vertically, are encouraging and indicate a higher rate of dif- 
fusion across membranes than had been previously believed possible. 

Because of the obvious need both in experimental investigation and in clinical medi- 
cine, I am sure that continued efforts wi'l be made, and will eventually succeed, in the 
construction of a completely closed atraumatic extracorporeal apparatus. 





THE USE OF ANAEROBIC ENERGY IN ELECTIVE CARDIAC ARREST 


F. D. Dopriti, M.D., AND SHIGERU TakaGt, M.D., Detroit, Micu. 
WITH THE TECHNICAL ASSISTANCE OF ALLEN BAKER 


(From the Research Department of Harper Hospital) 


ITH the development of heart-lung bypass procedures, cardiac arrest has 

been widely practiced. There is no doubt that with the heart arrested a 
more precise and meticulous surgical repair can be carried out than if the 
heart remains beating. The two main agents used have been potassium or a 
combination of potassium, sodium and magnesium, and acetylcholine. As time 
goes on, however, there is increasing evidence that potassium arrest is unde- 
sirable and definitely may injure the heart. There is also much laboratory 
experience with the canine heart which shows that with an hour’s arrest with 
potassium the heart is difficult to resuscitate. After 30 to 45 minutes of arrest 
with potassium, dark-colored blotchy areas appear which obviously represent 
injury. Moreover, it has been shown by the use of the electron microscope 
that with potassium arrest there is widespread injury to the myocardial cell 
structure.’ 

There is, therefore, a great need for a better cardioplegic agent. Ideally, 
this should arrest the heart and at the same time maintain its metabolism 
within reasonable normal limits for a sufficient time for surgical repairs of 
various defects. While intermittent anoxic arrest, as practiced currently by 
many people, is satisfactory for certain defects, there are, in fact, certain types 
of defects which are difficult to repair with the beating heart. Also, as time 
goes on more complex procedures will undoubtedly be earried out. It is prob- 
able that, within the not-too-distant future, artificial heart valves will be 
sutured in situ in place of the diseased valves. It is unlikely that these techni- 
eal procedures will ever be accomplished on the beating heart. 

Much of the information on anaerobic compounds, which is the subject of 
this paper, have been obtained from microorganisms. As is well known, or- 
ganisms may be of three types: (1) those that are pure aerobic, (2) those 
which are definitely anaerobic and die in the presence of oxygen, and (3) those 
which consume oxygen, if available, but which ean live and multiply in an 
environment of anaerobism. It has been demonstrated that red blood cor- 
puseles can survive longer in the blood bank with adenosine triphosphate (ATP) 
added. Many of these anaerobic materials are available for experimental use. 
This report deals with adenosine triphosphate commonly known as ATP which 
is a high energy phosphate. 

ATP is one of the essential chemical compounds for muscle contraction. 
It has been compared to the starter in the automobile which starts the engine 
Aided by a grant from the Michigan Heart Association. 
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going. It is stated by some biochemists that it is the actual chemical which 
provides the energy for muscular contraction. More recently, it has been 
shown by Gott, Bartlett, and Johnson* from the University of Minnesota that, 
with arrest due to potassium, the ATP and other high energy phosphates of 
the heart are greatly depleted. 




















1.—Arrest of the heart with 1 Gm. sodium ATP plus 0.02 cc. of 25 per cent potassium 
citrate. 


Acetylcholine presumably stops the heart by its activation of the enzyme 
adenosine triphosphatase (ATP-ase) which is present in all tissues.’ 

For the past 3 years, over 100 canine hearts have been stopped with ATP 
and restarted. This compound is available in the form of the sodium salt 
which is a erystallized product. Inasmuch as the sodium ion itself is cardi- 
oplegic, the sodium in combination with ATP is probably a partial cause of the 
arrest. Early in the work, we found that the injection of ATP alone into the 
coronary circuit did not promptly stop the heart but that it would make 
several irregular weak beats before stopping and this was undesirable because 
the drug was being liberated into the general circulation. We then tried to 











316 DODRILL AND TAKAGI cebrue ee 
‘ebruary, 1960 


combine the sodium ATP with potassium citrate. We found that there was a 
marked synergistic action between these two chemicals and that the combina- 
tion of 1 Gm. of the sodium salt of ATP with 3 ¢.e. of 25 per cent potassium 
citrate stopped the heart with only the slightest amount of the chemicals going 
into the coronary circulation. This mixture was too strong so we decreased 
the amount of potassium added to the ATP and found that about 0.2 to 0.5 
c.c. of 25 per cent potassium citrate added to 1 Gm. of sodium ATP made an 
excellent cardioplegic agent and the heart stopped promptly within one or two 


beats upon injection (Figs. 1 and 2). 
e tn) 














2.—Restarting of the same heart after one hour of arrest. 


Fig. 
ATP is a high energy phosphate having high energy phosphate bonds. As 
the chemical is degradated down to adenosine diphosphate and finally to aden- 
osine monophosphate, there is a release of energy by the chemical process. 
Interestingly enough, this energy is said to be available for metabolic processes 
rather than for heat formation (Fig. 3). 
lor an arrest of one-half to three-fourths of an hour with ATP, the canine 
heart starts beautifully without ventricular fibrillation. However, for an 
hour’s arrest, there often is ventricular fibrillation upon restarting, but this 
fibrillation can be easily defibrillated by means of electrical shock. On the 
other hand, canine hearts arrested for one hour with potassium not only 
fibrillate upon restarting but seldom can be defibrillated and resuscitated in 


our hands. 


aa 
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Two types of studies have been carried out to determine whether or not 
this anaerobic energy can be used for metabolism of the arrested heart. The 
first of these is the determination of the oxygen consumption by the method 
of Warburg. This is an old and reliable way of determining oxygen consump- 
tion of various tissues. 


Adenosine-5'-triphosphate (ATP) 





Fig. 3—Formula of adenosine triphosphate (ATP) showing the high energy phosphate bonds. 


WARBURG PROCEDURE 


The Warburg constant volume respirometer is an apparatus commonly 
used for the measuring of oxygen uptake by respiring tissue or cells. It con- 
sists of a detachable reaction flask, a manometer, a thermobarometer, and a 
constant temperature water bath with “shaking” apparatus. The utilization 
of oxygen by respiring tissue and cells results in the release of carbon dioxide. 
One can measure the oxygen uptake directly by absorbing the liberated carbon 


dioxide in alkali placed in a special well in the reaction flask. 

The essential principle involved is that, if at a constant temperature one 
‘an hold the volume of a gas constant, any changes in the amount of gas can 
be measured by changes in pressure. The pressure measuring instrument, the 
manometer, has one arm open to atmospheric pressure and the other closed in 
the sense that when the reaction flask is attached to it with an airtight seal it 
forms a closed system. Any change in the amount of gas in the flask brings 
about a change in the level of the liquid (Krebs manometer fluid) in the ma- 
nometer. If the manometer fluid is kept at the same level in the closed arm 
during all readings, the change in pressure can be read from the open arm of 
the manometer, corrected, and used to determine oxygen uptake. 

A thermobarometer is placed in the water bath to compensate for vari- 
ables such as changes in barometrie pressure and in the temperature of the 
water bath which would cause the gas in the reaction flask to expand or con- 
tract. These changes are then accordingly added or subtracted to the readings 
of the open arm of the manometer. Between these readings the entire system 
is shaken to promote a rapid gas exchange between the fluid and the gas phase. 


METHOD 


All tissue used was removed from the left ventricle of the heart and sliced with a 
Stadie-Riggs tissue slicer. A slice of uniform thickness was first weighed and placed in 3 
nil, of Krebs-Ringer-phosphate solution in the reaction flask. The wet weight of a slice of 
tissue was approximately 100 mg. Then, 0.25 ml. of 20 per cent KOH was added to the 


center well and the reaction flask was attached to the manometer and placed in the constant 
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temperature water bath. The tissue was gased with 100 per cent oxygen at the rate of 2 
L. per minute for one minute and the reaction flask was then allowed to equilibrate for 1 
minutes before measurements were started. Readings were taken at 15-minute intervals 


for a period of one hour. 


90 + 


Potassium + A.T. P 


4—~aPotassium 
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Fig. 4.—Lactic acid determinations of the coronary sinus blood after one hour of arrest. 


The hearts that have been arrested with ATP and a trace of potassium show an 
oxygen consumption lower than those which were arrested with potassium alone in the 
immediate period following the arrest. A great number of these experiments have been 
done and the results seem to be uniformly in that direction. We then arrested one group 
of hearts with ATP and another with potassium as a control, extirpated the hearts, and 
left them laying on the table at room temperature for 6 to 8 hours. At this time the 
oxygen consumption of these tissues was determined. If anaerobic energy is being utilized 
to maintain metabolism, then the life of the cell should be prolonged by its use. The 
average oxygen consumption of a large number of experiments in which the heart was 
arrested for 6 hours with ATP was 62.6 ¢.c. per hour and the average obtained with 
potassium arrest for control was 42 ¢.c. per hour. The average heart weight was 90 Gm. 
Expressed in terms of oxygen quotient of microliters of oxygen per milligram of tissue 
(dry weight) examined, ATP plus potassium citrate (10 experiments) averaged 3.16; potas- 
sium citrate alone (9 experiments) averaged 2.12. It is seen that the ATP-arrested hearts 
at the end of 6 to 8 hours are capable of consuming much more oxygen than the potassium- 
arrested heart for the same period of time. In general terms, the oxygen consumption of 
the ATP-arrested hearts is nearly 50 per cent greater than that of those arrested with 
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potassium. It would seem, therefore, that the high energy phosphate, the anaerobic ma- 
terial, has done something to prolong the oxygen consuming capacity of the tissue which 
is, after all, life itself. 

A second type of experiment which was carried out in order to determine whether or 
not this anaerobic material was affecting metabolism was to perform a heart-lung bypass, 
and arrest the heart, first with potassium for control and second with the ATP solution. 
After one hour of complete arrest, the coronary sinus was cannulated and the first 20 c.c. 
of blood which emerged from the sinus upon restarting was collected for chemical analysis 
for lactic acid. The graph shown in Fig. 4 demonstrates the lactie acid determination first 
on the systemic blood before pumping, second on the coronary sinus effluent, and, third, 
the systemic blood after an hour of pumping. Inasmuch as a prolonged period of pumping 
increases the lactic acid content of the systemic blood, this was taken as the base line. 

It is well known that with potassium arrest the lactic acid in the coronary sinus 
rises rapidly.1 In this particular experiment, we collected only the first 20 ¢.c. which 
emerged believing that if there was any significant difference between the lactic acid in 
the potassium-arrested heart and that of the ATP-arrested heart that it should be manifest 
in these samples. 

It is seen in these two types of experiments that the lactic acid after one hour’s 
arrest with ATP is much lower than that with potassium. In a general sort of way, it is 
almost 50 per cent of the results with potassium arrest. 


UNTOWARD EFFECTS OF ATP 


ATP is much more expensive than simple chemicals but the price is not 
prohibitive. 

If the chemical escapes into the general circulation, there is a period of 
hypotension for 10 to 15 minutes. This can be overcome with an injection of 
vasoconstrictor drugs. It has not been possible up to the present to obtain a 
product that is assuredly sterile. 


SUMMARY 


1. It has been demonstrated that the high energy phosphate, the anaerobic 
material adenosine triphosphate when combined with a trace of potassium 
citrate, is an excellent cardioplegic agent. 

2. These results indicate that the heart arrested with ATP is capable of 
survival for a longer period of time than is that arrested with potassium. 

3. The lactic acid present in the coronary sinus upon restarting of the 
heart is much lower for one-hour arrest with ATP than with potassium. 

The conelusion seems to be warranted that the anaerobie material, the 
high energy phosphate adenosine triphosphate, maintains the metabolism of 
the arrested heart better than it is maintained with potassium arrest. 
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RESULTS OF SHUNT PROCEDURES IN TETRALOGY OF FALLOT 
H. B. SHUMACKER, JR., AND I. MANDELBAUM, INDIANAPOLIS, IND. 


(From the Department of Surgery, Indiana University Medical Center, Indianapolis, Ind. 


N MANY CLINICS in which open heart surgery is being performed, com- 

plete corrective repair has replaced systemic-pulmonary artery anastomosis 
in the treatment of tetralogy of Fallot. The latter procedure, introduced by 
Blalock and Taussig' 14 years ago, revolutionized medical thinking concern- 
ing this crippling abnormality and gave reasonably good health to thousands 
of patients who otherwise could have looked forward only to progressive 
disability and early death. In these clinics this procedure is now reserved for 
the more complicated variants of the tetralogy of Fallot and for certain even 
more complicated abnormalities associated with reduced flow of blood through 
the pulmonary arteries. Such has been the policy in our own elinie for a 
number of years. The excellence of the result from the open corrective repair 
in those patients who have survived operative treatment with complete ana- 
tomie correction of the cardiae defects and without any resultant new dys- 
funetion, such as permanent atrioventricular block, lends encouragement to 
this new approach. The rather high operative mortality which has prevailed 
thus far makes one pause to consider whether the current program is justifi- 
able. Most of the larger experiences thus far reported indicate that approxi- 
mately 30 per cent of all patients treated have failed to survive. To be sure, 
these experiences include those in the early learning phase and there prevails 
a general optimism that from now on the operative mortality will be signifi- 
cantly less. 

As efforts in this direction are continued, we should periodically assess 
the results of treatment in order to make certain that the over-all results are 
better than those which could be obtained from the alternative systemic-pul- 
monary anastomotic method of management. Lillehei® feels that even the 40 
per cent mortality encountered in the earliest experiences with the corrective 
repair of tetralogy of Fallot was acceptable since there was a 30 per cent 
mortality in his eases treated by shunt procedures and followed for 2 to 10 
years, and an additional 16 per cent, although alive, were unimproved. 
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Others, however, have reported more favorable results with systemic-pulmonary 
shunts.” * 7 Beeause of these discrepancies and the importance of the results 
of shunt procedures as a base line for assessing the results of treatment by 
corrective surgery, we have been prompted to review our own experiences dur- 
ing the past 11 years. 

THE CLINICAL MATERIAL 


One hundred and six patients with tetralogy of Fallot were treated pri- 
marily by systemic-pulmonary artery anastomosis. Fifty-five were females 
and 51 males. There were 9 whose age ranged from 2 to 6 months at the time 
of operative treatment. Five were from 6 to 12 months old, 15 from 12 to 18 
months old, and 7 from 18 months to 24 months old. Thirty-three patients 
were from 2 to 5 years in age, 19 from 5 to 10, and 15 from 10 to 20. Three 
were more than 20 years old. The oldest patient was 27 years old and the 
youngest 2 months. None was operated upon under the age of 18 months 
unless the clinical course was so poor as to make it unlikely that he would 
survive unless treated surgically. Those in this younger age group were, conse- 
quently, very ill. 

The symptoms and signs noted were those characteristic of tetralogy 
of Fallot. Cyanosis, ranging from mild to severe, was noted in all. More than 
90 per cent had clubbing of the digits. All had decreased exercise tolerance. 
Exertional dyspnea, squatting with fatigue, and retardation of growth were 
noted in many. Approximately 20 per cent had central nervous system dis- 
turbanees, such as generalized seizures, episodes of unconsciousness, hemi- 
paresis, or hemiplegia. About 14 per cent had other congenital defects such 
as strabismus, webbed neck, cleft lip, situs inversus, congenital hemolytic 
anemia, imperforate anus, tracheoesophageal fistula, and various skeletal 
deformities. Electrocardiographiec, fluoroscopic, and x-ray studies were usually 
characteristic. Cardiae catheterization, angiocardiography, and cineangiog- 
raphy were performed in 39 patients. A left-sided aortic arch was present in 
72 per cent and a right-sided arch in 28 per cent. 


OPERATIVE TREATMENT 


Eighty-six subelavian pulmonary artery shunts were performed, and 29 
aortic-pulmonary artery anastomoses. A single shunt procedure was carried 
out in 95 patients. Eleven patients required re-operation. Of 8 treated initially 
by a subelavian-pulmonary anastomosis, 2 were treated later by a second shunt 
of this sort and 3 by an aortic-pulmonary anastomosis. Pulmonary valvu- 
lotomy was performed with good results in 2.* One patient required three 
systemic-pulmonary artery shunts. Three patients in whom the first operation 
Was an aortic-pulmonary anastomosis have had secondary operations. In one 
the anastomosis had to be reduced in size. One was treated subsequently by 

*Ten other patients were treated primarily by pulmonary valvulotomy. Although a very 
gratifying result was obtained in all who survived, this procedure was attended by a high 
mortality. Five of the 12 patients treated by pulmonary valvulotomy for tetralogy of Fallot 
died. This was in striking contrast to a mortality of approximately 2 per cent in a much 


larger group of patients upon whom pulmonary valvulotomy was carried out for pulmonary 
valvular stenosis with intact ventricular septum. 
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a subclavian-pulmonary anastomosis. In another the aortic-pulmonary anast- 
mosis was taken down and about a week later an open corrective procedu: 
was carried out with good result. This boy had done well for 4 years after 
the initial shunt, but then developed signs and symptoms of left ventricular 
failure. 

Five of 106 patients subjected to a shunt procedure died at operation or 
in the postoperative period, a patient mortality of 4.7 per cent. These 106 

atients underwent 115 anastomotic procedures. The over-all operative mor- 
tality was therefore 4.3 per cent. There has been but a single death among the 
last 70 patients treated in this manner since 1953. Seventy-six shunt proce- 
dures were performed upon these 70 patients with an operative mortality of 1.3 
per cent. 

Only 2 deaths occurred among the 77 patients who were older than 18 
months at the time of operation. They underwent 81 shunt procedures with 
an operative mortality of 2.5 per cent. Three deaths occurred among the 29 
infants who were under the age of 18 months at the time of operation. Thirty- 
four shunt procedures were performed upon them with an operative mortality 
of 8.8 per cent. 

Six late deaths occurred and all of them were in the group 18 months of 
age or younger at the time surgery was performed. Two of these deaths were 
definitely related to the operation. They included an 11-month-old boy who 
died of pulmonary edema 8 months after operation and a 20-month-old boy 
who died of pneumonitis and congestive heart failure 3 months following 
operation. Both infants had an aortic-pulmonary artery anastomosis. There 
were 3 deaths which were not related to the anastomotic shunt. One occurred 
in a 9-month-old girl who died of bleeding esophageal varices, portal vein 
thrombosis, and superior mesenteric vein thrombosis. The left subclavian- 
pulmonary artery anastomosis which had been performed 5 months earlier, 
and had brought about a good clinical result, was found to be patent at post- 
mortem examination. A second death took place in a 16-month-old girl 8 
months after a Blalock procedure. She died of pneumonitis 2 days after re- 
admission to the hospital. A 3-month-old boy died of subdural hematomas and 
cerebral abnormalities several months after a Potts procedure. One 15-month- 
old girl underwent a Blalock procedure and died in her local community a 
year and a half later of unknown cause. There were, therefore, two late 
deaths definitely related to operative therapy and, in both, the aortie-pulmo- 
nary artery shunt had been too large. If the child who died of unknown 
cause a year and a half after a Blalock procedure is assumed to have died 
because of a poorly functioning shunt, we would have a total early and late 
mortality in the younger group of approximately 21 per cent. The early and 
late mortality in the older patients was about 2.5 per cent. 

Some additional information concerning the risk of the shunt procedure 
is forthcoming from analysis of those operations performed for eyanotie con- 
genital heart disorders other than tetralogy of Fallot. They include tricuspid 
atresia, transposition of the great vessels with stenosis of the pulmonary 
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arteries, single ventricle with pulmonary stenosis, truneus arteriosus with 
stenosis of the arteries corresponding to the pulmonary arteries, among others. 
Twenty-eight operative procedures were performed for such conditions with 
3 deaths, an operative mortality of 10.7 per cent. The 3 deaths occurred in 
children under the age of 18 months. The mortality in this group was 33 per 
cent. Nineteen were older than 18 months at the time of operation and opera- 
tive treatment in this group was followed by no deaths. 


POSTOPERATIVE COMPLICATIONS 


Several very minor complications occurred during the postoperative 
period. Three patients had a transient Horner’s syndrome on the ipsilateral 
side following a Blalock anastomosis. The Horner’s syndrome completely re- 
gressed in all instances. Two patients required temporary underwater seal 
drainage for postoperative pneumothorax. One more serious complication 
occurred in a 3-month-old boy following a Blalock procedure. He developed 
a chylothorax which required thoracotomy and ligation of the thoracie duct. 
One 16 month-old girl developed acute pulmonary edema following a Potts 
anastomosis. This was managed by reoperation with reduction in size of the 
anastomotie shunt. She recovered uneventfully. 

Several complications occurred late, from 6 to 8 years following operation. 
Three patients developed subacute bacterial endocarditis, 6, 6, and 8 years, 
respectively, following surgery. Two had had subelavian pulmonary artery 
anastomoses, and one an aortic-pulmonary artery anastomosis. All 3 recovered 


under appropriate vigorous antibiotic therapy. The blood cultures were posi- 
tive for hemolytic staphylococcus in one patient, gamma hemolytic streptocoe- 
cus in another, and, in the third, both alpha streptococcus and hemolytic 
staphylococeus were cultured.* 

Cerebral thrombosis and right hemiplegia developed 6 years after both a 


Potts and a Blalock procedure had been carried out in a 77-year-old girl. Re- 
current cyanosis and an elevated hemoglobin and red blood eell count sug- 
gested closure of the anastomosis after each of these procedures. Unfortunately, 


it was not possible to perform another shunt during a third operative attempt. 


Postoperative Results——Evaluation of the postoperative status of the pa- 
tient was based on the eriteria suggested by Taussig and Bauersfeld.2 A good 
result was one in which there had been a decrease in cyanosis with subjective 
improvement and increased exercise tolerance. Patients were considered to 
have a fair result when they showed some subjective improvement but had 
persistent cyanosis and considerably below-normal exercise tolerance. Those 
who were essentially unchanged after operation were considered unimproved. 
The patients have been followed for varying periods of time since operation, 
6 for more than 10 years, 14 for 8 to 10 years, 16 for 6 to 8 years, 19 for 4 to 6 
years, 18 for 2 to 4 years, and 10 for 1 to 2 years. The mean follow-up period 


*Another 14-year-old boy presumably had subacute bacterial endocarditis. He developed 
a cerebral abscess and acute cholecystitis 9 years after an aortic-pulmonary artery anastomosis 
had been performed at another institution. He recovered uneventfully following drainage of 
the abscess and cholecystectomy. 










































PEDIATRIC SURGERY Surge 


February, 19 


324 





is approximately 5.6 years. Four patients who are living and well but 
whom the postoperative period is less than 1 year are not ineluded in th 
evaluation. Eight patients, unfortunately, have been lost to follow-up study. 
Fifty of the 71 living patients who were 18 months or more of age at t! 
time the anastomotic procedure was carried out are felt to have had a good re- 
sult. Seven patients in this group were lost to follow-up. Thus, of those who 
could be traced, nearly 80 per cent had a good result. Nine had a fair result and 
3 were unimproved. <A good result was noted in 14 of 20 living patients who 
were under 18 months of age at the time of treatment. Only one was lost to 


follow-up study. Three patients had a fair result and one was unimproved. 





DISCUSSION 


The high operative mortality encountered by Lillehei in the treatment of 
tetralogy of Fallot by anastomotic shunt procedures was not borne out in our 
own eases. Indeed, the operative and postoperative mortality in our cases 
was somewhat less than that reported by others. The 115 shunt procedures 
performed upon 106 patients were followed by 5 deaths in the hospital, an 
operative mortality a little less than 4.5 and a patient mortality of a little 
more than 4.5 per cent. Potts reported a mortality of 9 per cent in a group of 
100 patients so treated." There was an operative mortality of 15 per cent in 
the larger series treated at Johns Hopkins between 1945 and 1952.° Gross 
reported an over-all mortality of 11 per cent.* It is natural that our operative 
mortality should be somewhat less than that prevailing in some other c¢linics 
since the present series extends only from 1948 to the present time. Conse- 
quently, it does not include patients operated upon during the earliest years of 
the experience with the operation. During that time certain deaths undoubt- 
edly oceurred as the result of technical difficulties which have been obviated 
with the passage of time. To mention one, we might cite the employment of 
an end-to-end subelavian-pulmonary artery anastomosis in eases in whieh the 
subelavian artery is extremely small in diameter. Other technical advances, 
however, were made during the period of this survey, for example, a better 
understanding of maneuvers which may be successfully employed when a left 
end-to-side subelavian-pulmonary artery anastomosis has been performed and 
found to function poorly because of angulation and obstruction at the point of 
origin of the subelavian artery. Perhaps of at least equal importance in im- 
provement of results is the better control of oxygen demands during anesthesia. 
Anyone whose experience dates back to 1946, as is true of one of the authors, 
reealls with horror the frequent alarming and sometimes uncontrollable rhythm 
disturbanees which are no longer seen with adequate ventilation. This im- 
provement in our e¢linic, unfortunately, did not reach final accomplishment 
until the first few years covered by this survey had passed. 

That these factors are important is evident from the fact that the over-all 
operative mortality in our last 76 shunt procedures for tetralogy of Fallot was 
1.3 per cent. It would seem to us that if shunt procedures were earried out 
for this abnormality in the future, one might legitimately aim toward a hos- 
pital mortality in the neighborhood of 1 per cent. 
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There has been in the past, and, to a certain extent, this would undoubt- 
edly prevail in the future, a disparity between the operative risk in patients 
who do well enough so that operation can be deferred until they are 18 months 
or older, on the one hand, and in those in whom circumstances force operative 
treatment at an earlier age, on the other. Our own over-all operative mortality 
was about 2.5 per cent in the older group and a little less than 9 per cent in 
the younger. Two and possibly 3 of our younger patients, and none of the 
older, died later as a consequence of the operation. Thus, perhaps 20 per cent 
of the younger group died in the hospital after the shunt procedure or some 
time later as a consequence of it. This increased operative risk in the younger 
group has been observed by Potts who reported a 17.1 per cent mortality in 
patients under 3 years of age, as compared with a 4.6 per cent mortality in 
older patients. Campbell and Deuchar found a 17 per cent operative mortality 
in children under 4 years of age, with a decrease in death rate with increasing 
age, so that only 5 per cent were lost between the ages of 15 and 19. Gross 
reported a 30 per cent mortality rate in children under 3 years of age and a 
7.1 per cent in those over 3. 

One might look forward to improvement, however, if shunt procedures 
continued to be used in the future for this young age group. The two known 
late deaths, for example, in our own eases occurred from heart failure as a 
result of too large an aortic-pulmonary anastomosis, a difficulty which should 
be obviated. Some of the other postoperative deaths in this group undoubt- 
edly resulted from failure to establish an adequate shunt, a difficulty which 
should not happen as often as it did some years ago. 

The fact that 3 of our patients developed subacute bacterial endocarditis 
long after operation is somewhat discouraging. The fact that all 5 got well on 
appropriate medical management, however, is encouraging. Furthermore, 
though we hope this complication will not follow the complete corrective re- 
pair, we have no assurance that this will prove to be the ease. Indeed, at least 
one late death presumably from bacterial endocarditis has already been re- 


ported.* 

As we re-assess the treatment of tetralogy of Fallot by open corrective 
operation we shall have to demonstrate that the procedure can be carried out 
with a reasonably low mortality. 

Relatively good results were observed in approximately three fourths of 
our patients, the figure being a little better in those treated after 18 months of 
age than in those operated upon earlier. Potts felt that similarly good results 
were obtained in 68 per cent of his cases and Taussig and Bauersfeld in 78 per 
eent of theirs. Lillehei, on the other hand, obtained good results in only 54 
per eent of his group and Campbell and Deuchar? in only 40 per cent of their 
patients treated under the age of 4 and in 50 to 80 per cent of those treated 
between the ages of 5 and 20. 

In comparing the results of treatment with the two different methods, it 
must be borne in mind that those patients classified as having a good result 
are not entirely well. They vary considerably with regard to the excellence 
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of the result. Some are so well that they can participate in the most strenuou 
activity and can, indeed, lead almost completely normal lives. Others, al 
though considerably improved, are certainly limited in their activities. |] 
contrast, those patients who survived the complete corrective repair and d: 
not have an atrioventricular block as a complication are for all intents an 
purposes entirely well. 

It should be pointed out that some of the patients who have withstood 
open heart surgery have not had complete repair of the defects. Incomplete 
correction of outflow tract abnormalities and only partial closure of the ven- 
tricular septal defect have resulted in inadequate cures in some patients and in 
some have caused persistence of disabling symptoms. It is hoped that in the 
future these inadequacies may be corrected. If they persist, they must be 
taken into account in the comparison of over-all results between the corrective 
procedure, on the one hand, and the anastomotic shunt operation, on the other. 

Thus far, it has not been possible completely to obviate heart block, which 
may prove to be a eontinuing problem for those who have this distressing 
complication. Lillehei® has encountered heart block as a complication in from 
10 to 15 per cent of the patients undergoing corrective repair for tetralogy of 
Fallot.® 

Although the operative mortality for the shunt operation performed in 
arly infaney is greater than it is in older children, it is also greater when 
open heart procedures must be resorted to in this age group. It must also be 
remembered that the over-all results of shunt procedures could very likely be 
improved with a more aggressive attitude toward re-operation when necessary, 
making too large shunts smaller or constructing new ones in those patients in 
whom the existent shunt is inadequate. 

We have reviewed our material only to provide a base line for comparison 
of the open corrective procedure and do not present it in order to discourage 
the earrying out of open corrective procedures. We are performing this 
operation in our own elinic upon patients with tetralogy of Fallot. It is 
important, however, for us to realize that the shunt procedures have given 
reasonably good results and can be carried out with an extremely low mortal- 
ity. It is our hope that with the passage of time the results from the corree- 
tive open treatment may be so universally good as to justify continued use of 


this method of management. 


CONCLUSIONS 


Experiences with the operative treatment of 106 patients with tetralogy 
of Fallot by anastomotie systemic-pulmonary artery shunt procedures have 
been reviewed. One hundred and fifteen such procedures were carried out 
with an over-all mortality of a little more than 4 per cent. The mortality for 
the last 76 shunt procedures performed since 1953 was 1.3 per cent. The 
mortality was less in patients who were operated upon when 18 months of age 
or older. The operative and immediate postoperative mortality in this group 
was 2.5 per cent and no late deaths have occurred among them. The operative 
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mortality was higher in ihose treated earlier than the age of 18 months. There 

was an operative or early postoperative mortality of 8.8 per cent in this group 

and 2 and possibly 3 late deaths may have resulted from the operation. Ap- 
proximately three fourths of the patients treated by anastomotic procedures 
are judged to have a good result. It is believed that, if such procedures were 
used in the future in the treatment of tetralogy of Fallot, one might be able 
to anticipate a mortality in the range of 1 per cent. Furthermore, a more 
aggressive attitutde toward re-operation in case the operative shunt proves to 
he too large or too small might conceivably increase the percentage of patients 
who would have an ultimate good result. These data are felt to provide a base 
line for comparison in evaluating the results of open corrective heart surgery 
for tetralogy of Fallot. 
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PHEOCHROMOCYTOMA IN CHILDREN: 
CASE REPORT AND DISCUSSION OF THE USE OF 
ADRENOLYTIC AGENTS IN CONJUNCTION WITH OPERATION 


Haroup A. ZINTEL, M.D., J. FREDERICK EAGLe, M.D., PAUL Skok, M.D., 
AND SARA ARNAUD, M.D., New York City, N. Y. 


(From the Surgical Service and Pediatric Service of St. Luke’s Hospital, New York City) 


EVENTY-ONE functioning pheochromocytomas occurring in children 15 
years of age or younger have been reported in the literature prior to 1958* ® 
8, 10, 11, 17, 18, 27, 29, 32, 45, 46, 51, 55, 60, 61, 64, 65, 67, 72 Of these, 51 patients were operated 
upon and 13 (25 per cent) died. No patients survived without operation. 
Only 6 patients have survived operation for multiple pheochromocytoma.® ‘” 
1,18, 58 There has been considerable controversy about the prophylactic use 
of phentolamine (Regitine) or other adrenolytie agents in the preoperative 
and operative management of these patients. The child reported here had the 
highest reported 24-hour excretion of catecholamines in the urine, as well as 
a trial of prophylactic oral phentolamine and has survived a two-stage opera- 
tion for the removal of bilateral tumors. Ineluded is a tabulation of all 
patients treated by operation and reported prior to January, 1959. These 
are analyzed in regard to the prophylactic use of adrenolytie agents. 


CASE REPORT 


J. B. (No. 266-200 St. Luke’s Hospital), an 11-year-old white boy, was hospitalized on 
Sept. 24, 1956. He had been well until 2 years previously when he began to complain of 
periodic, throbbing, frontal headaches occasionally accompanied by blurred vision and 
vomiting. The boy had to rest after climbing one flight of stairs and stated that he had 
lower abdominal pain frequently. Excessive perspiration and failure to gain weight in 
spite of a good appetite had been noted by his parents. His pediatrician, Dr. Pedro R. 
Cantillo,* had noted that the patient was hypertensive and sent him to the hospital with 
a tentative diagnosis of functioning pheochromocytoma. 

Physical examination revealed a thin, pale, well-developed 1l-year-old boy, i27 cm. 
tall and weighing 22.5 Kg. The temperature and respirations were normal. The pulse 
varied between 90 and 140 beats per minute and blood pressures were consistently ele- 
vated, averaging 180/120 mm. Hg with paroxysms to 230/160 mm. Hg. The skin was 
warm and moist, and the hands appeared flushed. Fundoscopic examination revealed 
slight blurring of both disc margins and some arterial compression of the veins. The 
retinal vessels were greatly tortuous. No hemorrhages or exudates were seen. The thy- 
roid gland was not enlarged. The heart was slightly enlarged to percussion with the point 
of maximum impulse palpable at the fifth intercostal space at the midclaviecular line. 
No murmurs were heard. On examination of the abdomen the liver edge was just palpable. 
No abnormal masses were demonstrated. Genitalia and extremities were normal. There 


were no neurological abnormalities. 
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Five separate urinalyses showed specific gravities ranging from 1.010 to 1.017 with 
a trace of albumin in two specimens. Hemoglobulin was 13.7 Gm. per 100 ¢.c. of blood and 
the white blood cell count and differential were normal. A serologic test for syphilis and 
Mantoux test were negative. Blood urea nitrogen, fasting blood sugar, and serum elec- 
trolytes including sodium and potassium were within normal limits. The basal metabolic 
rate was plus 12 per cent. A chest x-ray showed slight cardiac enlargement with left 
ventricular preponderance. The electrocardiogram was essentially normal. 

On admission the blood pressure was 230/185. Magnesium sulfate, 4 c.c. of a 25 per 
cent solution, was administered intravenously in an attempt to reduce the blood pressure. 
In one hour the child was quite somnolent but responded well to stimulation. The blood 
pressure had fallen to 150/118. At the end of the second hour the patient could not be 
awakened. The pupils were markedly constricted. The right pupil did not respond to 
light although there was slight movement of the left pupil. Seven hours after the ad- 
ministration of the magnesium sulfate his blood pressure had returned to the admission 
level and he was fully reactive. It is unfortunate that we, as well as the patient, were 
subjected to this unfavorable experience, because Litman‘? and others have previously 
reported the serious effects of magnesium sulfate in patients with pheochromocytoma. 

A 24-hour urine specimen contained 2,400 meg. of catecholamines* (epinephrine and 
norepinephrine) and another specimen 4 days later contained 3,800 meg. The upper limit 
for normal adults is 45 meg. daily in the urine.19 Adults with essential hypertension will 
occasionally excrete as much as 100 to 200 meg. in 24 hours. Most patients with actively 
secreting pheochromocytoma will excrete more than 250 meg. daily in the urine. 

A blood specimen obtained on the day of the first 24-hour urine collection showed a 
concentration of 30 meg. of catecholamines per liter of plasma. Six days later, the plasma 
catecholamine level was 20 to 25 meg. per liter. The average normal plasma level is ap- 
proximately 0.4 meg. per liter with the upper limit of normal considered to be 0.7 meg. 


per liter.9 


On the third hospital day, 1.5 mg. of phentolamine (Regitine) was injected intra- 
There was an initial rise in blood pressure from 
180/145 to 220/190 mm. Hg in 4 seconds and a maximum subsequent fall to 115/75 mm. 
Hg at 25 seconds (Fig. 1). Inasmuch as the blood pressure fall from the initial level 
was more than 35 mm. Hg systolic and 25 diastolic, the test was positive for a function- 
The initial momentary blood pressure rise from the base line 


venously as suggested by Grimson.25 


ing pheochromocytoma. 
pressure has been observed in other patients. 

In an attempt to localize the tumor, 340 ¢.c. of oxygen was injected in the presacral 
area. A simultaneous intravenous pyelogram was obtained. In addition to the usual films 
for pyelographie study, right and left oblique films and tomograms were obtained. A 
rounded mass in the area of the right adrenal displacing the superior major calyx of the 
right kidney inferiorly was demonstrated (Fig. 5). 

A modest attempt was made to prepare the patient with oral phentolamine as de- 
scribed by Higgins.29 It was our feeling that, if oral phentolamine could be used for 
several days to produce a persistent fall in blood pressure and if the papilloedema could 
be abolished, the risk of operation would be reduced. Following an initial oral dose 
of 6 mg. the blood pressure rose from 164/122 to 224/144 and then fell to a low of 134/90 
in an hour and 15 minutes. Four and one-half hours later, a second oral dose of 6 mg. 
produced a similar rise but no fall in blood pressure below 160/118. A third dose of 12 
mg. 7 hours after the second dose produced in 15 minutes a drop in blood pressure to 
120/90 which was maintained for approximately 6 hours. Because of a lack of a per- 
sistent blood pressure lowering and because of marked diaphoresis and tachycardia asso- 
ciated with each administration of oral phentolamine, this plan of preparation was aban- 
coned and the patient was operated upon on the following day, Oct. 17, 1956. 


*The catecholamine concentrations of the serum and urine were determined in the Lab- 
oiatories of the late Dr. Marcel Goldberg at the Columbia Presbyterian Hospital, New York 


City. 










































330 PEDIATRIC SURGERY Surgery 


February, 196( 





Because of the severity of the child’s disease, it was decided to approach the tumor 
from a right flank incision. We felt that this patient, with a malignant type of hyper 
tension, grade IV eyegrounds (Keith, Wagner, and Barker), and a more active tumor 
than had previously been reported, would have a better chance of surviving a well 
planned, direct flank, two-stage operation than a one-stage operation. We had no evidenc« 
to suggest that a second tumor did exist, but realized that one might be present. 
Preoperative medication consisted of 50 mg. of Nembutal orally and scopolamin: 
(0.3 mg.) subeutaneously 2 hours before operation. Dr. Goldenberg prevailed upon us 
not to use any phentolamine prophylactically during the induction of anesthesia or during 
operation. His argument was that phentolamine produced an ‘‘all or none’’ blocking 
effect on the receptor cells, and that, if phentolamine were used and the patient went 
into shock after removal of the tumor, he might not respond to the administration of no1 
adrenalin intravenously. Since his previous oral phentolamine produced a hypotensive 
effect lasting from only 4 to 6 hours, the oral phentolamine which he received on a trial 
basis 24 hours previously would not have any effect at the time of anesthesia and opera 
tion. Phentolamine was available in a syringe ready for immediate intravenous use if 
the blood pressure became elevated suddenly, but it was not necessary to use it. 





T 


240F [REGITINE | 
GIVEN | 


‘ABDOMINAL 
| MASSAGE 


PRESSURE 






BLOOD 








8 12 16 20 24 26 30 34 38 42 46 50 


TIME IN SECONDS 


CONTROL 














Fig. 1.—The blood pressure readings demonstrate a positive Regitine test suggesting the exist- 
ence of a functioning pheochromocytoma. 








Induction was with ether; later, nitrous oxide-oxygen was used. Both were admin- 
istered by the semiclosed method. The blood pressure readings during anesthesia and 
operation are shown in Fig. 2. The right adrenal gland containing the tumor was re- 
moved and the right flank incision closed in a one-hour operation (Fig. 4). When the 
blood pressure fell to 108/62, 200 ¢.c. of whole blood and norepinephrine, 8 meg. per cubic 
centimeter in 5 per cent glucose in water, was begun; the latter at the rate of 50 drops 
per minute. The rate of infusion was gradually decreased to 4 drops per minute over a 


- 


period of 7 hours after which the noradrenalin was discontinued. During this time t! 


blood pressure was maintained above 90/60. 

In the immediate postoperative period a minimal right pneumothorax, which sul) 
sided spontanecusly, was noted. On the second postoperative day there was an ul 
explained period of disorientation associated with purposeless movements, coarse tremo 
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of the extremities, and dilated pupils. However, he was able to take oral fluids at this 
time and ate well on the third day. ‘The patient was discharged on the fourteenth post- 
operative day with a blood pressure of 120/70 mm. Hg. 

One week after operation a 24-hour catecholamine determination was reported to be 
150 meg. which was remarkably less than the preoperative level, although still three times 
the normal value. The blood pressure at this time was 120/80. 

Three months following discharge, 0.0275 mg. of histamine given intravenously 
resulted in a blood pressure elevation of 14 mm. Hg in both systolic and diastolic com- 
ponents. The test was interpreted as negative, since an elevation of at least 50 mm. Hg 
over the elevation caused by the cold pressor test is considered to be a positive test.3° 

He was followed in our clinic where it was noted that his blood pressure was 
variably elevated within the range of 150 to 160/100. As noted by Moore, sustained 
hypertension is the usual finding in 90 per cent of children with pheochromocytoma, in 
contrast to the finding in adults of whom only 20 per cent have sustained hypertension.46 
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Fig. 2.—The blood pressure readings are shown as obtained during the induction of 
anesthesia and during removal of the right adrenal tumor. Norepinephrine was begun im- 
mediately after removal of the tumor. 


He was readmitted 7 months after operation at which time he was studied for the 
possibility of a second pheochromocytoma. His blood pressure during this interval was 
within the range of 120/80 to 160/130. The 24-hour urinary catecholamine level was 800 
meg., while the plasma level was 5 meg. per liter. Both of these values are well above 
the values required to make an unqualified diagnosis of a functioning pheochromocytoma. 
A similar pattern of rising catecholamine levels after a first operation was noted by Cone 
in his patient with recurrent pheochromocytoma arising de novo at a different site from 
the original tumor.10, 11 

On Sept. 12, 1958, left adrenalectomy was performed. No attempt was made this 
time to prepare the patient with phentolamine, and at the time of induction of anesthesia 
hiood pressure was 180/140. During the operation the blood pressure dropped slowly 
until at the time of the removal of the tumor a low point of 100/60 mm. Hg was obtained. 
‘n infusion of 500 ¢.c. of whole blood was begun at this time and in addition a second 
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infusion of 8 meg. of norepinephrine in 500 c.c. of 5 per cent dextrose was also starte: 
In a period of 25 minutes the blood pressure did not increase. Following two injection 
of 25 mg. of hydrocortisone hemisuccinate (So!u-Cortef) intravenously the patient’s bloo 
pressure appeared to stabilize at 140/80. Following an additional intravenous injectio 
of 50 mg. of hydrocortisone hemisuccinate in 100 ¢c.c. of dextrose and water the patie: 
was sent to the recovery room (Fig. 3). 

Upon arrival there, it was found that, with an infusion of 100 mg. of hydrocortisone 
hemisuccinate in 500 e.c. of normal saline and without the benefit of intravenous no. 
epinephrine, the blood pressure remained at 50 to 60/30 mm. Hg; however, upon the 
addition of 8 mg. of norepinephrine to the infusion the blood pressure rose to 80/60 and 
was maintained at this level. Nine hours postoperatively was the first time the pressure 
was maintained at 80/60 for 1%4 hours without the benefit of intravenous norepinephrine. 
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pressure readings are shown as obtained during the induction of 


Fig. 3.—The blood 
anesthesia and during removal of the left adrenal tumor. Norepinephrine was begun im- 
mediately after removal of the tumor. Hydrocortisone hemisuccinate was administered dur- 
ing the postoperative period. 













The re-addition of a similar concentration of norepinephrine by infusion at this time 
brought the blood pressure up to 110/80. Thus, by his responses in the operating room 
and recovery room, he demonstrated the lack of effect on the blood pressure of either 
cortisone or epinephrine alone in an adrenalectomized patient, while showing that the 
combined drugs will produce a hypertensive response in the same patient. A similar 
phenomenon was noted by Clausen in his case following bilateral adrenalectomy for 
pheochromocytoma.’ About 4 hours subsequent to this, 13 hours after operation, the 
patient’s blood pressure remained at a level of 90/60 with a pulse rate of 120 without 
either norepinephrine or hydrocortisone hemisuccinate. The next morning 25 mg. of 
cortisone intramuscularly every 12 hours was begun along with 5 mg. of desoxycortico- 











sterone acetate in oil intramuscularly every 12 hours. Serum electrolyte determinations 
were essentially normal throughout his postoperative course. The only consistent abnor- 
mality was a persistently low normal serum chloride level. Fasting blood glucose deter- 
minations at periods as long as one month postoperatively were normal at all times. 
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By the third postoperative day, he was begun on a soft diet, and parenteral medica- 
tions were changed to oral cortisone 25 mg. every 12 hours which was later decreased to 
10 mg. of oral hydrocortisone every 12 hours. Similarly, 0.1 mg. of oral 9 alpha-fluoro- 
hydrocortisone daily was begun one week postoperatively. The only late complication 
was a superficial wound infection which was treated in the usual manner and was well 
on its way to healing by the time of discharge. On Oct. 17, 1958, the patient was allowed 
to go home with the previously mentioned doses of 9 alpha-fluorohydrocortisone acetate 
and hydrocortisone and with additional salt in the diet. 

The lesion removed at the first operation is shown in Fig. 4. The tumor involved 
almost the entire gland and weighed 26.03 Gm. On biochemical analysis it was found to 
contain 3.1 mg. of norepinephrine per gram of tumor. It did not contain any epinephrine. 
The predominance of norepinephrine in tumor tissue is the usual finding in pheochromo- 
ceytoma.20 The tumor measured 4.5 by 4 by 2.5 cm. 

The pathologie report was as follows: 


ee 


Fig. 4. Fig. 5. 
; Fig. 4.—The right adrenal gland was almost completely replaced by the tumor. The 
ee ridge in the photograph represents the only grossly recognizable normal remaining adrenal 
issue. 
: Fig. 5.—Roentgenographic demonstration of the right adrenal tumor in a combined 
intravenous pyelogram and presacral oxygen insufflation study. 


‘Gross Description.—Specimen consists of an oval slice of apparently encapsulated 
tissue measuring 3 by 2.5 cm. in area, and 5 mm. in thickness. The tissue is soft and finely 
lobulated and is of a homogenous light tan color. 


** Microscopic Description.—The tumor is encapsulated by fibrous tissue and is made up 
of pigmented cells separated into clusters by a regular capillary vessel network. The 
tumor cells have ill-defined cytoplasmic margins and round ovoid faintly staining nuclei 
with a reticular chromatin pattern. The cytoplasm contains abundant normal vacuoles 
and a light brown granular pigment. In one area there is thickening of the supportive 
stroma and a pink granular material containing clefts characteristic of cholesterol crystals 
deposited at the periphery of the tumor capsule. Small portions of the normal adrenal 
cortex are seen. 
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** Diagnosis.—Pheochromocytoma of right adrenal gland.’’ 
The pathologic report for the second lesion was essentially the same. The size of tl 
left-sided tumor was 4.5 by 4 by 2.3 em. 


DISCUSSION 


Currently the quantitative determination of excretory products of epineph 
rine and norepinephrine in the form of amines is considered to be the mos‘ 
accurate diagnostic test of a functioning pheochromocytoma.*® Normal adults 
excrete between 15 and 45 meg. of the catecholamines in 24 hours.’® In norma! 
adults the predominant component is the excretory amine of epinephrine which: 
makes up approximately 85 per cent of the total.2° In the patient with a 
functioning tumor, there is excretion of excessive amounts of pressor amines 
roughly in proportions corresponding to the tumor content of pressor amines.’ 

Although the literature contains reports of two children in whom higher 
plasma catecholamine levels were obtained!” "! we believe, because of Cone’s 
higher base line normal values, our determination to be a more specific meas- 
ure of cireulating catecholamines, and therefore, to indicate a significantly 
higher quantity of circulating catecholamines. Also, as previously mentioned, 
our patient had the highest reported 24-hour urinary catecholamine excretion. 
Since the urinary excretion of catecholamines reflects the 24-hour activity and 
the plasma level represents a single observation at the time of withdrawing the 
blood specimen, the urinary excretion is probably a better method of deter- 
mining continued activity. For these reasons, we believe our ease to be unique 
among pheochromocytoma in children. 

When inducing hypertension in normotensive volunteers with noradrenalin 
infusions, no more than 6 meg. per liter of plasma can be tolerated because of 
marked headache and other symptoms of hypertension.'? There is no recorded 
correlation between blood level and symptomatology.*° The values in the 
patient presented illustrate the remarkable quantities of pressor catechols to 
which a patient with this disease may adapt with minimum permanent physio- 
logie changes. 

Both phentolamine (Regitine) and benzodioxane (Benodaine) have been 
used for periods of 27° to 48°* days to maintain normotensive levels, in much 
the same manner that a hyperthyroid patient is given a thiouracil preparation to 
attain a euthyroid state preoperatively. One of the difficulties encountered in 
the use of preoperative oral phentolamine was noted by Robinson whose patients 
developed increasing resistance to the hypotensive effect of the drug and re- 
quired increasing dosages to maintain normotensive levels.*! Also, as previously 
mentioned, it may be difficult to restore the blood pressure to normotensive 
levels following the removal of the tumor if circulating adrenolytic substance 
is still present to block the pressor effect of therapeutically administered nor- 
epinephrine for the treatment of hypotension or shock during and after opera- 
tion.** Shock develops when the tumor is removed because the patient accu 
tomed to a high serum norepinephrine level is suddenly lefi with almost no 
circulating norepinephrine. Whole blood is helpful in treating the shock but 
the causative agent producing the shock is not blood loss but the sudden re- 
duction of the amount of endogenous norepinephrine. The most effective 
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modality of therapy postoperatively, therefore, is the administration of nor- 
epinephrine by vein. Whole blood is an ancillary and not a primary type of 
therapy in such a shock state. If any active phentolamine remains at the time 
shock develops, the most effective type of therapy, norepinephrine, would be 
rendered ineffective. The prophylactic use of Dibenamine, therefore, has been 
abandoned in operative therapy for this disease because of its prolonged 
action.”* °° Phentolamine should be used therapeutically, 1.5 to 5 mg. intra- 
venously, if the blood pressure suddenly becomes excessively elevated during 
anesthesia or operation. Clinical experience would indicate that, in contrast to 
the prolonged effect over hours of the oral administration, phentolamine is 
effective for 5 to 10 minutes when administered intravenously. 

In reviewing the literature regarding the use of prophylactic adrenolytie 
agents one might at first conclude that the adrenolytie agents were beneficial. 
Of the 17 reported children in whom adrenolytic agents were used prophy- 
lactically there was only one death (Tables I and II). Of the 34 children oper- 
ated upon without the use of prophylactic adrenolytie agents, there were 12 
deaths. However, 8 of them had bilateral tumors and only one of the former 


TABLE I. SUMMARY OF REPORTED CASES TO JANUARY, 1959, OF PHEOCHROMOCYTOMA IN 
CHILDREN 15 YEARS OF AGE OR YOUNGER 





a . | ADRENOLYTIC — | _ 











CASE 
NUM- | OPERA- _ DRUGS 
BER AGE AUTHOR AND YEAR TION | RESULT | PREOP. | ATOP. | FINDINGS 
15 Marchetti, 190444 No Died No No Multiple 
2 2 Wiesel, 190970 No Died No No Solitary 
3 2% Wahl, 191466 No Died No No Multiple 
4 4 Kremer, 193637 No Died No No Multiple 
5 12 Evans, 193714 No Died No No Solitary 
6 jl Neff, 194247 Yes Living No No Solitary 
7 5% Linde, 194238 Yes Living No No Solitary 
8 10 Linneweh, 194239 Yes Died No No Multiple 
9 14 Evans and Stewart, 194215 Yes Living No No Solitary 
10 10 Gortz, 194524 Yes Died No No Solitary 
i; ae i Snyder and Vick, 194758 Yes Died No No Multiple 
12 12 Snyder and Vick, 194758 Yes Living No No Multiple 
13011 Snyder and Vick, 194758 Yes Died MqSO, No Solitary 
14 12 Goldenberg, 19472! Yes Living No No Solitary 
15 §613 Brewer, 19496 No details available 
16 10 Grimson et al., 194925 Yes Living R R Solitary 
17 1 Litman and State, 194940 Yes Died No No Solitary 
18 13 Seelmann, 195054 Yes Died No No Multiple 
19 12 Koffler, 195036 Yes Living No No Solitary 
20 13 McCoy and Bridgeman, 
195042 Yes Living No No Solitary 
°1 #13 Brachetto-Brian and 
Brewer, 19505 No details available 
22 11% Hubble, 195131 Yes Died No No Multiple 
23 7 Calkins, 19517 Yes Living No No Solitary 
24 11 Berkheiser and Rappoport, 
19514 No Died No No Solitary 
95 9 Bastrup-Madsen, 19512 No Died No No Solitary 
26 «13 Faber, 195116 Yes Living No No Solitary 
27 8 Iseri, 195133 Yes Living R No Solitary 
28 «14 Apter, 19511 Yes Living No No Solitary 
29 7 Soffer, 195159 No details available 
30 6 Neil and Smith, 195249 No Died No No Multiple 
31 6 Talbat, 195262 Yes Died No No Multiple 
32d Klein, 195335 No Died No No Solitary 
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TABLE I—CONT’pD 














ADRENOLYTIC 





CASE 

NUM- OPERA- DRUGS _ 

BER AGE AUTHOR AND YEAR TION RESULT | PREOP. | ATOP. | FINDING 
33 9 Goldgarb, 195322 No Died No No Multipk 
34 «15 Berg, 195363 Yes Died No No Multiple 
35 «(14 Wen and Fu, 195369 No Living No No 

360-10 Schafer, 195452 No Died No No Multipk 
37 10 Israelski, 195434 Yes Living No B Solitary 
38 12 Negri and Vanoni, 195448 Yes Living No B Solitary 
39 «13 Popper and Theron, 19545¢ No details available except Solitary 
40 4 Weiman, 195468 Yes Died No No Solitary 
41 4 Daeschner, 195412 Yes Living R No Solitary 
42 8 Schleisner, 195453 No details available except Multiple 
43 12 Manger, 195443 Yes Living No No Solitary 
44 7 Lukemeyer, 195441 Yes Living No No Solitary 
45 13 Snyder and Rutledge, 

195557 Yes Living R No Solitary 
46 12 Smid and DuShane, 195556 Yes Living No No Solitary 
47 15 Young and Murray, 195571 Yes Living No No Solitary 
48 12 Young and Murray, 19557! No Died No No Solitary 
49 8 Tevetoglu, 195564 Yes Living R R Solitary 
50 «11 Beard, 19553 Yes Died No R Solitary 
51 12 Stallings, 19557 Yes Living No No Solitary 
52 13 Giraud, 195618 Yes Living No No Multiple 
53 7 Moore, 195646 Yes Living No No Solitary 
54 8% Robinson, 195651 Yes Living R R Solitary 
55 10% Robinson, 195651 Yes Living No R Solitary 
56 7 Spencer, 195660 Yes Living No No Solitary 
57 8 Zeben, 195672 Original article not found 
58 13 Clausen, 19578 Yes Living No No Multiple 
59 =13 Clausen, 19578 Yes Living No No Multiple 
60 8% Clausen, 19578 Yes Died No No Multiple 
61 6 Cone, 195719, 11 Yes Living No No Multiple 
62 8 Cone, 195719, 11 Yes Died No No Multiple 
63 6 Cone, 195719, 11 Yes Living R No Multiple 
64 23 mo. Gutmand, 195727 Yes Living No No Solitary 
65 11 Higgens, 195729 Yes Living R R Solitary 
66 6 Ineze, 195732 Original article not found 
67 7 Megevand, 195745 Yes Living R No Solitary 
68 10 S'ocombe, 195755 Yes Living No R Solitary 
69 6 Wehn, 195767 Yes Living R No Solitary 
70) =i Farquhar, 195817 Yes Living R R Solitary 
71 #13 Thieffry, 195865 Yes Living No R Solitary 
72 #6l Zintel (Author’s case), 
1958 Yes Living No No Multiple 
R = Regitine; B = Benodaine. 


TABLE II. RESULTS IN PATIENTS WHO RECEIVED PROPHYLACTIC ADRENOLYTIC DRUGS 
- ; BOTH PREOPERATIVELY AND 














ONLY | 























PREOPERATIVELY ONLY AT OPERATION AT OPERATION 
CASE S OR CASE SOR| CASE = S OR 
NUMBER*| DRUG | RESULT M NUMBER] DRUG | RESULT M NUMBER | DRUG | RESULT M 
25 R L Ss 35 B L Ss 16 R L S 
41 R L Ss 36 B L Ss 49 R L Ss 
45 R L Ss 50 R Dt Ss 54 R L Ss 
63 R L M 55 R L Ss 65 R L Ss 
67 R L Ss 68 R L Ss 70 R L Ss 
69 R L Ss 71 R L Ss 
*Refers to summary of reported cases. 
+Unexplained. 
R = Regitine, B = Benodaine, L = living, D = dead, S = solitary tumor, M = multiple 


tumors (more than one). 
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group of patients had bilateral tumors. Since 1945 there have been 13 consecu- 
tive ease reports by various surgeons of patients with solitary tumors operated 
upon without the use of prophylactic adrenolytie agents, all of whom survived. 
All who have had experience in the management of patients with pheochromo- 
eytomas will agree that there is a special hazard associated with operation for 
multiple tumors. This is further emphasized by the facts that multiple tumors 
occur in approximately one-third of the children with pheochromocytomas and 
there are only 6 survivors of operations for multiple tumors in children reported 


in the literature. 

It was noted that this patient followed a slowly progressive course of in- 
creasing serum and urinary catecholamine after the first operation in much the 
same manner in which Cone’s patient did'® ™ following his right adrenalectomy 
for pheochromocytoma. In that case, recurrence was presumed to be de novo 
since the second tumor appeared in the neck, and although serum catecholamines 
were slightly elevated, it was not until the patient again became hypertensive 
along with his plainly evident growing tumor, that the diagnosis was entertained. 


SUMMARY 


A ease report is presented of an 11-year-old boy with bilateral pheochromo- 
eytoma causing unusually high levels of plasma and urinary catecholamines. 
The two tumors were removed in two operations without the use of phentolamine. 
The literature is reviewed in reference to the use of preoperative adrenolytic 


agents. 
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RENAL TRANSPLANTATION IN AZOTEMIC DOGS 
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ENAL transplantations are of potential use primarily in patients with 

failing renal function and nitrogen retention. As a first step in studying 
problems of renal transplantation in dogs, it therefore appeared desirable to 
determine whether the techniques selected lent themselves to successful ac- 
complishment of renal homografts in azotemic subjects of this species. The 
investigation devolved into three main parts: development of a method for 
producing azotemia or uremia in dogs, assessment of the viability of renal 
transplants in azoetmic dogs as compared with normal dogs, and finally in- 
vestigation of the applicability to azotemie dogs of total body irradiation as a 
means for altering or ablating the immune responses of homograft rejection. 


EXPERIMENTAL STUDIES 


The Production of Azotemia and Renal Fulure in the Dog—Adult dogs 
of both sexes were used. Their weights ranged from 5 to 25 Kg. The dogs were 
caged in a heated animal room and were fed a diet of commercial dog food. 
Water was freely available. Prior to use, all animals were wormed and im- 
munized against distemper and hepatitis. 

Bricker and associates' have studied the renal dysfunction induced by 
perfusion of the dog’s kidney with the 6-aminonucleoside of Puromyecin. A 
modification of Bricker’s technique was used in the experiments that follow. 

With the animal under intravenous pentobarbital anesthesia (30 mg. per 
kilogram), the right kidney was exposed. The kidney and renal vessels were 
freed by sharp dissection. Occluding clamps were placed across the renal 
artery and vein as far proximally as was convenient. After a variable period 
of ischemia the kidney was perfused with 100 ml. of a 2.5 per cent solution of 
the 6-aminonucleoside of Puromyeint in normal saline. This solution was 
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foreed through the kidney under slight pressure by a 100 ml. syringe attached 
by plastic tubing to a No. 22 gauge needle inserted into the renal artery distal 
to the clamp. A similar length of tubing was attached to a needle in the vein 
to lead off the perfusate. Following perfusion renal circulation was restored. 

After 2 weeks the perfused kidney was explored through a midline ab- 
dominal incision. Its size was determined and in some instances a biopsy was 
taken. The normal kidney was then excised. In several dogs at a later time 
the perfused kidney was further damaged by ligating one of the two or three 
terminal branches of the renal artery. 

The duration of renal ischemia prior to perfusion varied from 45 to 75 
minutes for the first 14 dogs studied (Table I, Group A). The perfused kidney 
of 18 of these animals developed only slight contraction and searring. Follow- 
ing excision of the normal kidney, the urea nitrogen concentration of the blood 
rose moderately but quickly returned to a normal level. 


TABLE I. EFFECT OF POSTPERFUSION ISCHEMIA ON THE PRODUCTION OF RENAL DAMAGE BY 
THE NUCLEOSIDE OF PUROMYCIN 








KIDNEY DAMAGE 








NUMBER OF ISCHEMIA (CHRONIC 

GROUP ANIMALS IN GROUP| PREPERFUSION | POSTPERFUSION AZOTEMIA ) 
A 14 14 1 1 
B 16 16 16 10 





The perfused kidney of one dog in Group A became grossly contracted. 
This animal developed a persistent azotemia with a blood urea nitrogen con- 
centration of 50 to 60 mg. per cent. On review it was found that a variation 
in procedure had occurred during the perfusion of this animal’s kidney. 
Because of technical difficulties the perfused kidney had been allowed to remain 
ischemic for 10 to 15 minutes after perfusion was completed. In the 13 other 
dogs in the group, normal circulation had been re-established immediately after 
the completion of perfusion. It therefore appeared logical to include post- 
perfusion ischemia in a second group of dogs (Table I, Group B). 

After some experimentation the procedure used was standardized as fol- 
lows. The period of renal ischemia prior to perfusion was 50 minutes, the per- 
fusion time was 10 to 15 minutes, and postperfusion ischemia was maintained 
for 15 minutes. By this means and by ligating a branch of the renal artery, a 
satisfactory elevation of the blood urea nitrogen was induced in 10 of the next 
16 dogs studied. Two of these 10 died of renal failure with the blood urea 
nitrogen in excess of 150 mg. per cent, 7 days and 20 days, respectively, after 
removal of the normal nonperfused kidney. Eight dogs maintained a satisfac- 
tory prolonged azotemia in excess of 35 mg. per cent. 

Histologically, the perfused kidneys from the persistently azotemie dogs 
showed dilatation of the glomerular spaces, and dilatation and atrophy of the 
tubules with cast formation. A photomicrograph of a section of a perfused 
kidney from an azotemic dog is shown in Fig. 1, 
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The blood urea nitrogen was measured in all dogs before the experimenta 
production of azotemia, at the time of the excision of the normal kidney, and 
at biweekly intervals thereafter. 

The Behavior of Renal Homografts in Azotemic Dogs.—The adequacy oi 
the surgical technique® of renal transplantation to be used was assessed by) 
successful autotransplantation of the left kidney to the right iliae fossa in 4 
normal dogs. The right kidney was subsequently removed, and in each in- 
stance the transplanted kidney maintained normal values of blood urea nitrogen. 
Two of the four animals have been allowed to remain alive; they are well 10 
and 14 months after operation. 





Fig. 1.—Photomicrograph of dog’s kidney 3 weeks after perfusion with the 6-amino- 


nucleoside of Puromycin. The dilatation of the glomerular spaces, dilatation and atrophy of 
the tubules, and the presence of tubular casts are apparent. 


By the same technique single kidneys were successfully transplanted from 
4+ normal dogs to 4 azotemie dogs. The results are summarized in Table IT. 
During the time of maximal function of the transplant, the blood urea nitrogen 
was reduced to normal levels (Fig. 2). As funetion in the transplant dimin- 
ished, the coneentration of blood urea nitrogen rose and the animal became 
lethargic and refused food. A sharp terminal rise in blood urea was considered 
to indicate cessation of function in the homograft. Excision of the kidney graft 
in Dogs U-36 and U-38 at this time, respectively, on the sixteenth and fifteenth 
days after transplantation, confirmed this impression (Table II). The trans- 
planted kidney showed recent infarction and homograft reaction. The reaction 
was similar to that found in the kidney of Dog U-19 and the kidney of Dog 
U-30 at autopsy 23 days after their transplantations. The reaction was the 
same as that observed in kidneys homotransplanted to 4 normal dogs. How- 
ever, the time from transplantation to cessation of homograft function in the 
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4 azotemie animals varied between 15 and 23 days, whereas in the normal dogs 
failure of the graft occurred within 7 days as has been previously reported in 
other normal dogs.* * °* * 7° 


TABLE II. DURATION OF SURVIVAL OF RENAL HOMOGRAFTS IN UREMIC DOGS 











| DURATION OF | BLOOD UREA | 
AZOTEMIA PRIOR | NITROGEN AT | OCCURRENCE OF 
TO TRANSPLAN- | TIME OF TRANS- ONSET OF | SECONDARY DEATH OR EXCI- 
DOG TATION | PLANTATION TOXICITY* | RISE IN BLOOD | SION OF HOMO- 
NUMBER (WEEKS ) (MG. %) (DAYS ) | UREA NITROGEN | GRAFT* (DAYS) 


U-19 3 60 21 Yes 23 
U-30 3 44 19 Yes 23 
U-36 3 38 13 Yes 16 
U-38 3 58 15 Yes 15 


*Following transplantation. 
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Fig. 2.—Blood urea nitrogen concentrations in 2 dogs made azotemic by excision of one 
kidney after perfusion of the other with the nucleoside of Puromycin. At the point indicated 
on the abscissa (approximately day 35), a normal kidney from an unrelated dog was implanted. 
For a period of 15 to 20 days this kidney survived and functioned and brought the urea nitro- 
gen concentration of the blood to normal, 


Renal Transplantation in Irradiated Azotemic Dogs.—Irradiation of the 
entire body alters or destroys immunologie responses to foreign tissue and is 
therefore used to further the acceptance of homografts of kidney and marrow.® * 
The applicability of radiation to dogs with nitrogen retention was evaluated in 
3 animals with azotemia that had been induced by perfusion with the nucleoside 
of Puromycin (Table III). In one of these, Dog U-32, a functioning kidney 
transplant was achieved, but the marrow graft failed and the animal died the 
usual death attributable to marrow aplasia. The experience indicated, however, 
that radiation could be applied in requisite amount® * to an azotemie dog with- 
out aggravation of the intestinal dysfunction that sometimes accompanies nitro- 
gen retention. 
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TABLE III. RESULTS OF RENAL HOMOTRANSPLANTATION IN IRRADIATED AZOTEMIC DOGS 


























DURATION OF BLOOD UREA 
DURATION OF 
















AZOTEMIA NITROGEN AT 
PRIOR TO IR- TIME OF IR- | LIFE FOLLOW- 
DOG RADIATION * RADIATION TYPE OF DOSE OF ING IRRADIA- 
NUMBER (WEEKS ) (M@.%) | IRRADIATION | IRRADIATION | TION 
U-1 3 55 250 kv. x-ray 300 rt 7 days$ 
U-31 3 58 Cobalt6e 328 rt 6 days§ 
U-32 3 38 Cobalts6o 1,300 rt 15 days|| 








*Blood urea nitrogen above 35 mg. per cent throughout azotemic period. 

7Given in divided doses of 100 r at weekly intervals. 

tGiven as a single dose at 108 r per hour. 

§Died from transplant operation attempted at this time. 

|A renal transplant performed 2 days after irradiation dropped the blood urea nitrogen 
to 12 mg. per cent within 2 days and maintained it thereafter at normal level. The animal died 
on the fifteenth day from a failure of the coincidental marrow graft to function adequately. 











DISCUSSION 







The mechanism of action of the 6-aminonucleoside of Puromyein in causing 
renal damage is not known. In the experiments reported here the degree and 
duration of renal failure produced by perfusing the kidney with this drug ap- 
peared related to the degree and duration of renal anoxia immediately prior to 
and subsequent to the perfusion. By controlling this variable of anoxemia, it 
appeared possible to produce renal damage and chronie azotemia of varying 









degree at will in the dog. 

Transplants of kidney and of skin have been found to survive and function 
for exceptionally long periods in uremic patients.2»7 The survival is believed 
to be related to an anergy that is specific for homograft antigens since immune 
responses to ordinary bacterial antigens are not correspondingly depressed.” 
It is of interest therefore to find that the survival of homografted kidneys in 
chronically azotemie dogs is also prolonged. Studies of the mechanism of the 
prolonged graft survival associated with azotemia or uremia and studies of 
means for its potentiation appear approachable on an experimental basis in 
this species. 

A kidney transplant with prolonged normal function has been obtained in 
a normal dog that was subjected to 1,300 r of total body irradiation and given 
a suecessful and life-saving marrow transplant from the eventual kidney donor.’ 
The possibility of applying similar procedures to azotemic dogs and potentially 
to uremic patients would appear attested by the standard response to irradiation 
observed in the azotemie dog given 1,300 r in the studies just reported. 





















SUMMARY 


A method for producing chronic azotemia or uremia in dogs is described. 
One kidney is removed and the other damaged by perfusion with the 6-amino- 
nucleoside of Puromycin. 

Dogs with chronic azotemia were found to tolerate homografts of kidney 
for longer periods than do normal dogs—15 to 21 days in 4 azotemie dogs as 
compared with a rejection time of 7 days in 4 normal dogs. 
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Three azotemic dogs were subjected to total body irradiation for the pur- 
pose of reducing immune responses. The radiation tolerance of these dogs did 
not seem different from that of normal dogs. In one of these animals, after 
1,300 r of whole body exposure, a kidney homograft inserted on the second day 
after irradiation functioned normally until death of the animal from marrow 
aplasia on day 15. 

From these preliminary observations it is concluded that the potentiation 
of kidney homograft survival that is known to follow nitrogen retention and 
whole body irradiation may be studied satisfactorily on an experimental basis 
in the dog. 
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MULTIPLE ARTERIAL LIGATION FOR PROFUSE HEMORRHAGE 
FROM UTERINE CARCINOMA 


ARNOLD M. SAuzBerG, M.D., ANp RanpoutpH H. Hoare, M.D., Ricumonp, Va. 


(From the Department of Surgery and Division of Gynecology, Medical College of Virginia) 


WO to 18 per cent of deaths from uterine carcinoma may be due to exsangui- 

nation.” *® In an attempt to alter this mortality rate, 6 patients with 
massive uterine hemorrhage from carcinoma of the cervix were treated by 
various types of arterial ligation and reported in 1953.° Support for this ap- 
proach was gained from sources in the European literature’ * * ** and from 
the work of Leventhal, Lash, and Grossman.® The 6 cases have now been in- 
creased to 9 and a 9-year follow-up of 2 surviving patients allows some appraisal 
of this method of surgical therapy. 

All 9 patients received radiation therapy in the form of x-ray or radium 
or both (Table I). In 8 of these, profuse vaginal hemorrhage began within 1 
week to 5 months after completion of the radiation therapy. In one other, the 
hemorrhage occurred 10 months after therapy. In all cases severe bleeding had 
occurred from 2 to 6 times before pelvic arterial ligation was done. In each 
instance, conservative measures were not effective. 

Three patients were managed by ligation of both hypogastric and ovarian 
arteries. Subsequently, in one, there was one minor episode of vaginal spotting. 
This patient died in 4 months. In the remaining 2 patients of this group, one 
survived for 6 months and the other patient is alive with no reeurrence of 
‘areinoma or bleeding for 9 years. 

Four patients were managed by bilateral hypogastric artery ligation alone. 
In one of this group, the bleeding stopped and the patient is alive and well 
without recurrence of bleeding or carcinoma 9 years later. The 3 remaining 
patients had several episodes of moderate-to-severe bleeding controlled by 
vaginal packing. Two of the 3 patients survived 16 to 19 months after opera- 
tion. The last patient was alive 4 months following operation, but could not be 
followed. 

Two patients were managed by ligation of the hypogastric, ovarian, and 
round ligament arteries bilaterally. Postoperatively the bleeding stopped and 
did not reeur. These patients survived 3 and 7 months, respectively. The 
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technique of bilateral hypogastric, ovarian, and round ligament artery ligation 
was described in the previous communiecation.’® It is apparent that this opera- 
tive procedure may control exsanguinating hemorrhage from far-advanced 
uterine carcinoma and obviate mortality from this cause. However, the hemor- 
rhage may be due to radiation therapy in an otherwise favorable lesion or to a 
minimal lesion. In both these instances, aggressive surgical hemostasis may 
offer an opportunity for survival to these patients who would perhaps bleed to 
death. 
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A RE-EVALUATION OF THE POSTERIOR SUBFASCIAL APPROACH 
FOR THE LIGATION OF THE COMMUNICATING VEINS IN THE LEG 


Davirr A. FEeLpeR, M.D.,* aNnp EuGENE F. Bernstein, M.D.,** 
MINNEAPOLIS, MINN. 


N 1955 one of us (D.F.) with Murphy and Ring* presented our early ex- 
| perience with what was essentially a modification of Linton’s* procedure 
for ligation of the communicating veins in the leg. It is the purpose of this 
communication to present the results to date with this same procedure and 
some further modifications of the original technique in 60 instances. 


INDICATIONS 


As originally deseribed, this procedure is reserved for those patients 
suffering from chronic venous insufficiency, uncontrolled by the usual con- 
servative measures. The latter inelude: (1) continuous rubber-reinforced 
elastic support when in the erect position; (2) maintenance of good foot hy- 
giene; (3) control of obesity; (4) elevation of the foot of the bed six inches; 
and in some instances (5) the surgical correction of superficial venous inecom- 
petence. 

Phlebography in the erect position can give valuable information in de- 
termining the site of incompetent communicating veins as well as the status of 
the deep veins. We use essentially the same methods as previously reported,? 
but use the newer contrast media, Hypaquet and Renografin.t 

The technique has been modified by omitting the vertical incision in the 
upper third of the leg. The short saphenous vein is stripped to the popliteal 
space and ligated through a small transverse incision in this area§ (Fig. 1). 
When gross incompetence of communicating veins is demonstrated in the upper 
third of the leg, the original vertical incision is used. Occasionally an inferior 
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medial extension of the incision and dissection into the submalleolar area i 
indicated by the phlebographie demonstration of grossly incompetent communi 
cating veins in this area. 
RESULTS 

This procedure has been performed on 60 extremities in 52 patients. Th: 
average follow-up in this group is 20 months and all but 8 patients have bee 
followed for 1 to 5 years. The minimum follow-up is 6 months. 

The symptoms have been eompletely controlled in 52 extremities, but 
symptoms persist in 8 even with continued supportive measures (Table I). 


TABLE I. RESULTS OF POSTERIOR SUBFASCIAL DISSECTION IN 60 EXTREMITIES IN 52 PATIEN’ 


NUMBER PER CENT 


52 86.7 





Symptoms controlled 
Uleer recurrence but since controlled 
Asymptomatic and without ulcer recurrence 
Symptoms uneontrolled 
Uleer recurrence persistent 
Symptomatic but without ulcers 
Total 


Fig. 1—Diagram showing posterior midline incision and ancillary transverse incision in pop- 


liteal space (dotted lines). 
In 13 extremities there was a recurrence of ulceration. All but two of these 
have been healed, however, and are controlled at present. 


Of those 11 extremities with presently controlled recurrent symptoms, ‘ 


were treated with supportive measures only, while 2 required excisions of the 


uleer bed and skin grafting. 

There were 4 instances of postoperative infection with a complete separation 
of the wound edges in two of these. The other two instances were of localized 
character. 

Twelve of the extremities developed small (1.5 to 2 em.) sloughs of the 
wound edge in the lower one-third of the operative site and usually in the 
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medial skin edge. Four of these were in the infected operative sites but in 
the remainder there was no evidence of infection. These sloughs usually re- 
quired 6 weeks to 2 months to heal. 

An annoying symptom noted by many of the patients was the development 
after 10 days of shooting pains and other paresthesias in the course of the 
sural nerve. This was usually gone by the sixth week after surgery. 

The majority of these extremities are continually supported. However, 
we have successfully withdrawn elastic support from 8 extremities without 
difficulty at one year postoperatively. These latter patients have not been 
followed long enough to make any significant report at this time. 

DISCUSSION 

It is often argued that the impression of a surgical procedure on a patient 
is in itself a form of treatment and some salutory effects, in part at least, can 
be attributed to this impression and its concomitants. In this series this may 
be true to some degree also. However, all of these patients have had years of 
conservative management and in many instances repeated surgical procedures. 

It is possible that further surgery such as ligation of the superficial femoral 
vein as recommended by Linton and Hardy’ or popliteal veins as recommended 
by Bauer? could help these patients in whom the subfascial ligation of com- 
muniecating veins has failed to control the symptoms and signs. This has not 
been done in any of these patients. There is little doubt from our own ex- 
perience® that the ligation of deep veins is of benefit in some instances. 

The high incidence of sloughs of the wound edges (18 limbs) has been 
disconcerting. It was thought that the length of the incision may have com- 
promised some necessary collateral vessels to the skin causing the sloughs. 
Since we have shortened the incision and confined it to the lower two-thirds 
of the leg, the incidence of skin-edge sloughs has not changed. These sloughs 
have occurred in extremities having relatively soft, essentially nonedematous, 
and pliable skin at the time of operation as well as in those with induration 
and marked stasis changes. It is likely that the saerifiee of the small ecom- 
munieating arteries by ligation with the veins is responsible for this situation. 
Therefore great care must be taken to preserve even the smallest of these 
arteries, 

The problem of infection is a difficult one to handle when operating in 
areas of previous infection and diminished venous and lymphatic drainage. 
The infeetions in this series in all likelihood could have been avoided had 
meticulous eare been exercised in the preoperative preparation. In this regard 
one must be sure that an intact smooth area of skin is available for operation 
whenever possible. When an ulcer excision is necessary it is important that 
a clean granulating surface is present in the uleer bed before attempting ex- 
cision. 

In this series of extraordinarily refractory patients we feel that control 
of symptoms in 52 of 60 extremities makes the procedure worthwhile. 
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SUMMARY 
A group of 60 extremities with a proved refractory venous stasis syndrom 
have been treated by subfascial ligation of communicating veins and concom 
itant ligation and excision of the short saphenous vein. In 52 of the extremities 


9 


the symptoms have been controlled. Recurrence of ulceration oceurred in 13. 
however, all but 2 of these have been healed and stayed so for over a year. 
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Erratum 


In the December, 1959, issue of the JOURNAL in the article by Drs. H. J. Klapproth, 
H. Takagi, and A. C. Corcoran, entitled ‘‘Segmental Renal Ischemic Atrophy,’’ Dr. 
Klapproth’s address is given as Berlin. His present address is St. Vincent Charity Hospital, 
Cleveland 15, Ohio. Also in the bottom left-hand corner of Fig. 4, the term ‘‘T: H.O/6FR’’ 
should read ‘‘T*H,O/GFR.’’ 





